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PREFACE 


This book is an attempt to present in a form convenient for refer- 
ence the chemistry of organic compounds which in a broad sense are 
derivatives of sulfuric acid. It is an amplification of a portion of the 
material presented in lectures before classes in “Advanced Topics” at 
Northwestern University. The interest of organic chemists in this 
type of monograph and other demands upon the author’s time will 
determine whether the remainder of sulfur chemistry will be covered 
in a second volume. 

An effort has been made to include references to all the important 
literature covered by Chemical Abstracts to January 1, 1942. Infor- 
mation regarding important material which may have been omitted, 
as well as other comments and criticisms, will be welcomed. The 
boiling points and melting points of the compounds listed in the tables 
have not been critically evaluated. Many of these figures come from 
the early literature, and the great majority are uncorrected. 

Acknowledgment is made of permission to reprint the tables on 
pages 4, 105, 227, and 584 from the Journal of the American Chemical 
Society. Acknowledgment also is made of permission from Professor 
A. J. Carlson to quote his summary of the physiological effects of 
saccharin. 

The author is indebted to a number of friends and colleagues for 
assistance with portions of the manuscript. Dr. Walter McAllister 
made helpful comments on Chapter I. Advice on several items of 
nomenclature was given by Professor Charles D. Hurd. Dr. Frederick 
Bordwell and Dr. E. E. Campaigne assisted in checking the references. 
Much of the laborious task of preparing the subject index was done 
by Dr. Sydney Archer. Thelma Miller assisted in the proofreading 
and indexing. The author is particularly grateful to Verl Suter for 
advice and encouragement and for aid with the proof. 


C.M. §. 


Rensselaer, New York 
November, 1943 
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A. MONO ESTERS DERIVED FROM ALIPHATIC HYDROXY 
AND OLEFINIC COMPOUNDS 


Although the formation of ethyl ether by the action of concentrated 
sulfuric acid upon ethyl alcohol was studied as early as 1540,! the in- 
termediate ? alkyl hydrogen sulfate was not noticed until much later.® 
Before the alkyl halides and alky] sulfates became readily available 
the salts of alkyl hydrogen sulfates were frequently used as alkylating 
agents, and they are still so employed where reaction occurs readily in 
aqueous solution as in the preparation of thiols and sulfides. The im- 
portance of alkyl hydrogen sulfates as intermediates in the conversion 
of olefins into alcohols, ethers, and esters and the use of the alkali salts 
of a variety of the higher-molecular-weight esters as wetting agents 
and detergents have greatly augmented the interest in this class of 


compounds in recent years. 
1 
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The important methods of preparation, general properties, and the 
reactions common to the hydrogen sulfates derived from a variety of 
aliphatic hydroxy compounds and olefins are treated first; these sec- 
tions are followed by a more detailed discussion of aaporAn individ- 
ual esters and their sundry derivatives. 


METHopDs oF PREPARATION 


The mono esters of sulfuric acid have been for the most part ob- 
tained either by the action of a sulfating agent such as sulfur trioxide, 
chlorosulfonic acid, or sulfuric acid upon hydroxy compounds or by 
the addition of sulfuric acid to the olefinic linkage of unsaturated 
substances. 

Sulfation of Alcohols with Sulfuric Acid. The early preparation of 
ethyl hydrogen sulfate has been mentioned.? The action of sulfuric 
acid upon the higher-molecular-weight alcohols was also studied many 
years ago. Dumas and Peligot‘* prepared cetyl hydrogen sulfate and 
also ceryl alcohol (1-hexacosanol) ,5 n-octyl aleohol,® and the alcohols 
from wool fat? were later similarly converted into esters. 

An excess of 100% sulfuric acid converts the normal primary alco- 
hols into the alkyl hydrogen sulfates at room temperature without 
formation of the alkyl] sulfates.* However, upon long standing a com- 
plex mixture of hydrocarbons separates from the acid. These are 
mostly of the paraffin series. Primary alcohols with branched chains, 
including isobutyl, isoamyl, and act-amyl, give in addition to esters, 
compounds which decolorize bromine water. The formation of these 
is greatest with isobutyl] alcohol. Secondary and tertiary alcohols at 
first yield chiefly the esters, but these upon standing in the excess 
sulfuric acid are converted into hydrocarbons. The oily layer which 
slowly separates from the sulfuric acid contains a high percentage ® of 
saturated hydrocarbons. The hydrogen necessary to produce these 
arises from a sort of disproportionation referred to as “conjunct poly- 
merization” *° that produces cyclodlefins which remain in the acid 
solution. Cetyl alcohol gives a product melting at 50° that has the 
properties of paraffin wax. Cyclohexanol is converted into high-boil- 
ing hydrocarbons.**_ The triphenylearbinyl hydrogen sulfate obtained 
from triphenylearbinol * was found to be highly dissociated as indi- 
cated by its low molecular weight in sulfuric acid solution. Water 
decomposes it with regeneration of triphenylcarbinol. 

In the commercial sulfation of high-molecular-weight aliphatic or 
naphthenic alcohols ** with sulfuric acid it may be advantageous to 
add an inert solvent such as carbon tetrachloride or a saturated hydro- 
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carbon. Two layers are formed, the excess sulfuric acid in one and 
the ester and inert material in the other. The addition of an alcohol 
such as n-butyl alcohol to a sulfation mixture in which cetyl or oleyl 
alcohol has been esterified aids in the separation of the alkyl hydrogen 
sulfate from excess sulfuric acid since upon the addition of water two 
layers are formed, practically all the sulfuric acid going into the water 
layer.7? It has also been claimed 74 that adding glycerol or its sulfuric 
acid ester assists in the removal of excess sulfuric acid. Another pro- 
cedure for separating the ester from excess acid involves neutralization 
of the reaction mixture with calcium hydroxide or oxide ** and removal 
of insoluble calcium sulfate. If the sulfuric acid is not to be removed, 
neutralization of the crude sulfation mixture with solid sodium car- 
bonate or hydroxide is claimed ** to be advantageous. Alternatively 
50% sodium hydroxide solution has been used.‘’ Solid sodium chloride 
may also be employed to convert an alkyl hydrogen sulfate to the 
sodium salt.17 


ROSO:H + NaCl + ROSO3Na + HCl 


Separation of any alcohol not converted to the ester as well as separa- 
tion of impurities may be effected by neutralizing the reaction mixture 
with aqueous alkali, adding an alcohol miscible with water such as 
methanol, and extracting the solution with petroleum ether.?* Unsul- 
fated material may otherwise remain dispersed in the aqueous solution 
even though ordinarily insoluble in water. 

Sulfuric acid may be completely converted into an alkyl hydrogen 
sulfate by adding it to an excess of an anhydrous alcohol ?® and re- 
moving the water formed in the reaction by distilling it off with some 
of the unchanged alcohol below 85°. Solutions of the esters from 
methyl to n-amyl in the corresponding alcohols were found to give 
precipitates of arylammonium salts when an aromatic amine was 
added. So far as is known no appreciable amount of the neutral ester 


ROSO3H + CeHsNHz — ROSOsH3sNCsHs 


is produced even in anhydrous solution with excess alcohol. If it were, 
ether resulting from the action of alcohol with the ester would become 
noticeable. Sulfation in the presence of a dehydrating agent such as 
acetic anhydride is also useful in causing the reaction to go to com- 
pletion.1% A study of the extent of ester formation at equilibrium for 
a number of primary alcohols and varying concentrations of sulfuric 
acid ?° gave the results shown in Table I. By the use of fuming sul- 
furic acid reaction mixtures containing low concentrations of water 
were obtained because most of the ester is formed by the irreversible 
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reaction between the alcohol and sulfur trioxide. With alcohols above 
n-butyl, however, the sulfur trioxide if present in appreciable quan- 
tities induces side reactions which invalidate the results of quantitative 


RCH20H + SO3 + RCH20SO3H 


determinations. The values of K given in the table are for equimolec- 
ular quantities of the reactants at a temperature of 25°. The high 
values of K for methanol and isobutyl alcohol are to be noted. Equi- 


TABLE I 
96.7% HeSO,4 5.20% SOs 22.6% SOs 31.98% SOs 
Alcohol SSS eee 
K jRHSO., %| K |RHSO., %| K |RHSO., %| AK |RHSO.s, % 
Methyl 3.30 61.2 3.42 66.0 3.62 70.5 3.67 73.2 
Ethyl 1.76 52.6 2.02 59.8 2.08 65.1 1.98 67.7 
8-Chloro- 
ethyl 2.00 55.0 2.00 59.8 2.44 66.7 2.55 70.0 
n-Propyl {2.30 56.8 2.38 61.9 2.59 67.3 2.76 70.6 
n-Butyl 2.69 58.8 2.83 63.9 2.82 68.1 3.04 71 
Isobutyl 3.14 60.8 3.32 65.7 coptoe 
n-Amyl 2.78 59.2 2.98 64.4 
n-Hexyl 2.57 58.3 2.70 63.3 


librium in these reactions was practically attained in a few hours at 
25°. At 75° or higher only a few minutes is required. 

It was observed by Cochenhausen?’ that cholesterol could not be 
esterified by sulfuric acid, the insoluble cholesterone being formed. 
More recently it has been claimed 7 that if an alcohol of this type is 
esterified by boric acid before adding to 90% or over sulfuric acid 
the hydrogen sulfate may be obtained. A temperature of 30° is most 
suitable for converting oley] alcohol into the ester by means of sulfuric 
acid.2?_ At a lower temperature the relative amount of addition to the 
double bond is increased. 

The question arises as to the mechanism by which an alcohol reacts 
with sulfuric acid. As in the esterification of carboxylic acids the oxy- 
gen utilized in forming the water might come from either the sulfuric 
acid or the alcohol. Since neopentyl alcohol is converted into the 
hydrogen sulfate without rearrangement ?* it is evident that here the 
alcohol oxygen is not disturbed since any reaction replacing the hy- 
droxyl group yields rearranged products. 
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(CH3)3CCH20H + HOSO3sH — (CH3)3CCH20SO3H + H20 


It is likely that this mechanism also holds for trifluoroethanol * 
where reaction occurs with difficulty. The course of the reaction in 
other primary alcohols and secondary alcohols is not known but could 
readily be determined by the use of oxygen with an abnormal isotopic 
distribution by the reactions indicated. 


RMgBr > ROMgBr > ROH ==5 ROSO3H + HO 
Undoubtedly tertiary alcohols react with sulfuric as with other strong 
acids with elimination of the alcoholic hydroxyl. 

It has been found by Aschan and Schwalbe ** that the addition 
product of ether and sulfuric acid, referred to as “diethy] oxonium 
sulfate,” is a particularly useful sulfating agent for terpene alcohols 
such as menthol, isoborneol, and borneol. Only one hydroxyl of poly- 
hydric alcohols reacts. The reagent acts less readily with olefin bonds 
than with alcohol groups. The use of this reagent has therefore made 
possible the preparation of ricinoleic acid hydrogen sulfate in 60% 
yields. 


(C2Hs)20H2S804 + CH3(CH2)sCHOHCH=CH(CH2)7COOH 
H20 + (C2Hs)20 + CH3(CH2)sCH(OSOs3H) CH=CH(CH2)7COOH 


Phenyl ether and benzyl ether do not form the oxonium salts 25 with 
sulfuric acid. A mixture of sulfur dioxide and petroleum ether is a 
satisfactory sulfating solvent for certain reactions.?"* 

The sulfate of benzyldimethylamine and similar amines 2?> reacts 
with an alcohol when the mixture is heated at 80-150°. It may be 
expected that the weaker the base from which a salt is derived the 
more readily will the salt react with an alcohol. 


ROH + R’N(CH3)2H2S04 — ROSO3sHN(CHs3)2R’ 


Sulfation with Sulfur Trioxide. The sulfation of an alcohol with 
sulfur trioxide, fuming sulfuric acid (oleum), a pyrosulfate, or an ad- 
dition compound of sulfur trioxide differs from esterification with sul- 
furic acid in that the reaction does not reach an equilibrium value and 
is not reversible. Hence only equimolecular quantities of the two re- 
actants need ordinarily be used. As sulfur trioxide alone gives side 
reactions of oxidation or charring with all but a few alcohols it. is 
rarely used directly as a sulfating agent unless diluted with an inert 
solvent. A variety of procedures have been described in the patent 
literature *°* for the “sulfonation” of castor oil or ricinoleic acid by 
the action of oleum or sulfur trioxide in solvents which include sulfur 
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dioxide, carbon tetrachloride, trichloroethylene, acetic acid, acetic an- 
hydride, and acetyl chloride. The products contain sulfonic acids as 
well as hydrogen sulfates in most if not all instances. The reaction of 
the sulfur trioxide of oleum with an alcohol occurs practically instanta- 
neously even at 0°. The use of oleum has the disadvantage of neces- 
sitating the removal or separation of the sulfuric acid from the ester 
aiter the sulfation is complete. This reagent is therefore frequently 
less convenient than an addition product of sulfur trioxide such as 
pyridine sulfotrioxide 2* or dioxane sulfotrioxide.2* 8-Chloroethy] 
ether and similar ethers *° dissolve sulfur trioxide readily at ordinary 
temperatures without appreciable reaction, and such a solution is a 
convenient sulfating agent. It is probable that here also a coordina- 
tion compound is formed as with dioxane or pyridine. These addition 
complexes show different orders of activity which vary inversely as 


(CICH2CH2)20803 > O(CH2CH2)20S0O3 > CsHsNSO3 


the stability of the coordination compound. The pyridine complex is 
the least reactive, and the chloroethyl ether probably shows the great- 
est activity. The pyridine compound reacts with unsaturated alcohols 
without materially affecting the double bonds ?* whereas the dioxane 
sulfotrioxide reacts with the alcohol group more rapidly than with the 
unsaturated linkage but the double bond is sulfated in the presence of 
excess reagent. 

Another reagent which transfers the equivalent of sulfur trioxide to 
an alcohol] but leaves an inorganic salt as the residue is a pyrosulfate.*1 
This is more reactive than pyridine sulfotrioxide,®* and since the pyro- 


ROH + K28207 — ROSOsK + KHSO4 


sulfates have generally been used in pyridine solution undoubtedly the 
pyridine compound is formed first. Although the action of potassium 
pyrosulfate with phenolic compounds has been well studied, corre- 
sponding information for the direct action upon alcohols seems to be 
lacking. The addition product of sulfur trioxide and sodium nitrite 
has been patented.9” 

Sulfation with Chlorosulfonic Acid. One of the most useful meth- 
ods of sulfating an alcohol, particularly on an industrial scale,** is to 
treat it with chlorosulfonic acid, a reagent introduced many years ago 
by Claésson ** in his preparation of methyl and ethyl] hydrogen sul- 
fates. Since hydrogen chloride is only slightly soluble in a sulfation 
mixture the reaction goes to completion rapidly even at a low tempera- 
ture. To decrease the by-products a solvent such as ethy] ether,®* 


ROH + ClSO3H — ROSOsH + HCl f 
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B-chloroethy] ether,®° ethyl acetate,®** or carbon tetrachloride *®® may 
be used. Mixing the alcohol such as oley] or cetyl with some previ- 
ously prepared alkyl hydrogen sulfate has also been suggested.’? If 
oleyl or other unsaturated alcohol is treated with the chlorosulfonic 
acid and the hydrogen chloride is kept in contact with the sulfation 
mixture halogenated alkyl hydrogen sulfates result.2? On the other 
hand when the hydrogen chloride escapes, the unsaturated ester can 
be obtained as in the formation of undecenyl hydrogen sulfate from 
the aleohol and chlorosulfoniec acid in ether.*® 

The addition products of pyridine *%* and dioxane ?? with chlorosul- 
fonie acid are useful sulfating agents as, for example, in the esterifi- 
cation of castor oil. It is not entirely clear as yet whether these re- 
agents are the same as those obtained from sulfur trioxide. It seems 
probable, however, that they are different, the chlorosulfonic acid 
forming a chlorosulfonate rather than losing hydrogen chloride and 
giving the sulfotrioxide type of reagent. The chlorosulfonic acid ad- 
dition compound has been found to require a higher temperature than 


O(C2H4)20HO3SCl + ROH — O(C2H4)20HO3SOR + HCl 


the coordination complex derived from sulfur trioxide before it exerts 
a sulfonating action. The addition product of chlorosulfonic acid and 
urea or other amide has also been patented *” as a sulfating agent. 

A recently developed reagent of considerable interest is sodium 
chlorosulfonate. This reacts with alcohols to give a sodium alky] sul- 
fate directly *4 and in the case of unsaturated alcohols esterifies the 


ROH + ClSOsNa — ROSO:Na + HCl 


hydroxy] without disturbing the olefin linkage. 

Miscellaneous Sulfating Agents. Heating dry sodium bisulfate with 
an anhydrous alcohol yields the ester, but this is apparently because 
of formation of sulfurie acid from decomposition of the bisulfate.** 


3NaHSO4 —_ Nas3H(SO4)2 + HeS04 
HeSO,4 + C2H;0H = CeoHsHSO,4 + H20 


It has been known for many years ** that heating aminosulfonic 
(sulfamic) acid with ethanol gives ammonium ethy] sulfate. More 
recently this reagent has been applied to higher members of the se- 


C2Hs0H + NH2SOsH — C2HsOSO3N Hy 


ries,“* and since it is now *5 readily available commercially interest in 
its use will undoubtedly increase. Arylaminosulfonic acids have also 
been suggested 4° as sulfating agents, reaction with the higher alcohols 
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occurring at temperatures above 100°. A reagent closely related to 


CigH370H + CH3CeHiNHS03H — "> C,gH370SO3NH3CeHsCH3 


these is aminodisulfonic acid,*? NH(SO3H)2, whose ammonium salt 
has a sulfating action. 


n-C4aHgOH + NH(SO3NH,)2 _ n-CsaHgOSO3NH, + NH2SO3N Ha 


Sulfuryl chloride reacts with excess methanol to give methyl hydro- 
gen sulfate as one of several products.*® A mixture of sulfur dioxide 
and chlorine gives about the same results.*® The preparation of so- 


CH30H + SOe2Cle —> CHs0SO2C] + HCl 
CH30S02Cl + CH30H — CH3HSO, + CH3Cl 


dium lauryl sulfate and similar compounds by hydrolysis of lauryl] 
chlorosulfonate has been described.*° 
CisH2s0H + CipH250802C] 2" C12H2s0803Na 
Oddly enough sulfur monochloride reacts with ethanol to give ethyl 
hydrogen sulfate.** Possibly the reaction proceeds according to this 
equation. 


38eCle + 4C2H50H —> CeHsHSO. + 3C2H5Cl + 3HCl + 5S 


When an alcohol is heated under pressure with sulfur dioxide and 
pyridine in the range of 90° to 175° in the presence of copper, a copper 
salt, or iodine, sulfation occurs.5? It was suggested that a dispropor- 
tionation might precede ester formation. 


3502 — 2803 + § 


Heating a higher-molecular-weight alcohol with potassium ethyl] sul- 
fate to 150° results in a transfer of the sulfate group ** and the evolu- 
tion of ethanol. 


CigH330H + C2Hs0SO3K — CieH330SO3K + C2Hs0H 


Reaction of Olefins with Sulfuric Acid; General. Because of the 
manner in which sulfuric acid adds to the olefin bond all alkyl hydro- 
gen sulfates obtained by this reaction except for the ethyl ester con- 
tain a secondary or tertiary alkyl group. Since n-alkyl bromides may 
be obtained by the addition of hydrogen bromide to @-olefins under 
certain conditions, particularly in the presence of a peroxide catalyst,** 
it seemed possible that n-alkyl hydrogen sulfates might be prepared 
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similarly, but it has been found °° that 1-pentene reacts with 85% sul- 
furic acid in the presence of peroxides to give only the secondary ester. 

A comprehensive study of the absorption of gaseous olefins by var- 
ious concentrations of sulfuric acid has been made by Davis and co- 
workers.°** It was found that the rate of absorption is proportional 
to the pressure of the olefin when the reaction is carried out at constant 
volume, and stirring the sulfuric acid has no effect upon the rate except 
as it increases the area of the acid surface. The reactions apparently 
occur in a thin surface film rather than in the main body of the liquid. 
The rate of absorption depends greatly upon the olefin. Thus for 80% 
and higher sulfuric acid propene dissolves about 300 times as rapidly 
as ethylene. Propene and 1-butene dissolve at about the same rate, 
whereas 2-butene dissolves from 1.7 to 2.6 times as fast as these. Tri- 
methylethylene is absorbed several times as rapidly as isobutylene, 
which in turn reacts from 10 to 80 times as fast as 2-butene. Isopro- 
pylethylene reacts at about the same rate as propene. It was noted 
that isobutylene was converted directly into t-butyl] alcohol when ab- 
sorbed by 60% sulfuric acid, but propene gave only the isopropyl] 
hydrogen sulfate. 2-Butene is largely converted to the alcohol in 80% 
acid.5* The application of these results and those of previous work- 
ers to the analysis of mixtures of olefins has been discussed in detail. 

This marked variation in the reactivity of olefins toward sulfuric 
acid has been utilized commercially in effecting the preferential ab- 
sorption of the unsaturated components present in the gas obtained 
from the cracking of petroleum.*” 

The absorption of gaseous olefins by sulfuric acid is facilitated by 
the presence of various catalysts, usually metallic salts. Thus it is 
reported that the salts of metals in the eighth group of the periodic 
table such as nickel cyanide increase the reaction rate ™* for olefins 
containing more than three carbon atoms. In other patents 5° complex 
metallic cyanides have been specified. Other catalysts are listed under 
the description of the preparation of individual esters. The reaction 
of normally gaseous olefins may be effected to advantage by first lique- 
fying them under pressure and then treating with sulfuric acid.*° 

To obtain the best yields of acid sulfates it is necessary to use the 
most dilute sulfuric acid that will combine with a given olefin, as 
polymerization increases rapidly with increase in concentration of the 
acid, particularly for the higher olefins. Propylene and also the 
butylenes * polymerize with high concentrations of sulfuric acid. Pro- 
pylene with 90-92% acid forms 4-methyl-1-pentene,*? but with 98% 
acid ® higher-boiling products result. With excess concentrated acid, 
isobutylene and higher olefins are converted into a complex mixture of 
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hydrocarbons in which paraffinic and cyclodlefinic compounds predom- 
inate. In the presence of copper and mercurous sulfates, even ethyl- 
ene is converted by 95% acid into a mixture of hydrocarbons of vari- 
ous types.** 

The earlier work ® on the reactions of the pentenes was with com- 
mercial amylene and hence led to little of scientific value. Systematic 
studies °®* of the behavior of pure pentenes with sulfuric acid have 
shown that pentenes with two alkyl groups attached to an unsaturated 
carbon react more rapidly than their isomers. Trimethylethylene and 
unsym-methylethylethylene dissolve some twenty times as fast in 
60% sulfuric acid as do 1-pentene and 2-pentene. It was not possible 
to obtain the alkyl hydrogen sulfate from isopropylethylene,® poly- 
merization only taking place. The butenes and pentenes may be 
grouped according to their behavior with sulfuric acid © as follows. 
(1) Isobutylene, trimethylethylene, and unsym-ethylmethylethylene 
dissolve readily in 60-70% acid to give tertiary alcohols directly. 
(2) 1-Butene, 2-butene, 1-pentene, and 2-pentene dissolve in 75-80% 
acid to yield the alkyl hydrogen sulfates. For 2-pentene the addition 
product is chiefly methyl-n-propylearbiny] hydrogen sulfate, although 
some of the other ester is also present.”° (3) Isopropylethylene forms 
only polymers. The behavior of the hexenes and heptenes is compara- 
ble to that of the pentenes except for their slightly greater tendency 
to polymerize.®* 7? The product from 2-hexene gives 77% of 2-hexa- 
nol.??4 3-Hexene behaves similarly.”2? 

The possibility of obtaining alkyl hydrogen sulfates even under 
favorable conditions decreases with increasing molecular weight above 
the pentenes and hexenes.**7?%73 With hexadecene and above, it has 
been reported 7? that it is not possible to obtain the ester under any 
conditions. Despite these statements there are many examples in the 
patent literature of the formation of high-molecular-weight alkyl hy- 
drogen sulfates from olefins, and polymerization seems to depend more 
upon the structure of the olefin than upon its molecular weight. 

A proper variation in the reaction conditions such as the use of a 
solution of the olefin in some inert material reduces polymer forma- 
tion. Lyons ™ has described the sulfation of olefins in liquid sulfur 
dioxide with 75 to 93% sulfuric acid under pressure at 0° to 10°. 
Bertsch ** has obtained wetting agents and detergents by the action of 
concentrated sulfuric acid upon olefins such as 1-hexadecene (cetene) 
in the presence of butyl alcohol or other diluents such as benzene or 
trichloroethylene at 5°. A low-boiling saturated hydrocarbon may 
be added to the sulfation mixture in order to control the temperature.”¢ 
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A hydrocarbon mixture containing saturated and unsaturated com- 
pounds gives both mono and dialky] sulfates with 85 to 100% sulfuric 
acid.”7 It is also claimed that polymers from low-molecular-weight 
olefins can be sulfated.”® If a cracked petroleum product is treated 
with 65~87% sulfuric acid and the solution “aged” at 25-60° it will 
then dissolve more of the petroleum product.”® 

The action of sulfuric acid upon unsaturated compounds containing 
hydroxyl groups is of considerable interest. Concentrated sulfuric 
acid with allyl alcohol causes tar formation,®° but by adding the alco- 
hol to 50% sulfuric acid a small yield of allyl hydrogen sulfate re- 
sults.* From 100 g. of alcohol 40 g. of barium salt was isolated. The 
action of even dilute sulfuric acid upon geraniol causes ring formation 
and hydration, 5% acid giving chiefly terpin hydrate.**4 

Oleyl alcohol reacts with sulfuric acid both at the olefinic linkage 
and at the alcohol group.** The rate of reaction with the double bond 
was reported to be nearly uniform over the temperature range 0-40°, 
whereas the activity of the hydroxy] group increases markedly with 
rise in temperature. The sulfation of oleyl esters has been described.*4¢ 
Sulfated methylheptadecenylcarbinol has been mentioned also.**? 

The action of sulfuric acid upon oleic acid results in the formation 
of both possible hydrogen sulfates *° as well as sulfonic acids *** of 
unknown structure. The maximum yield of 10-hydroxystearic acid *** 
reported from hydrolysis of the esters is 31%. Isodleic and elaidic 
acids give similar results.°° Treatment of olein with strong sulfuric 
acid ®8¢ yields hydrogen sulfates that give 10-hydroxystearic acid, 
probably mixed with the 9-isomer. Methods devised for the analysis 
of sulfonated oils ** indicate that the formation of sulfonic acids also 
occurs to an appreciable extent. The technical literature *’® dealing 
with the “sulfonation” of many oils is extensive, but precise informa- 
tion as to the identity of the reaction products is not available. 

The sulfation of oleic amide with sulfuric acid has been mentioned,*®”° 
but a pure hydrogen sulfate was not isolated. 

The products obtained by the action of sulfuric acid of varying con- 
centrations upon ricinoleic acid **?° and its esters,®** particularly cas- 
tor oil,®** have considerable industrial importance in the textile indus- 
try under the name “Turkey red oil” as wetting agents. The usual 
methods of preparation of “sulfonated castor oil” using concentrated 
sulfuric acid or oleum lead to the formation of a complex mixture °° 
of compounds consisting of hydrogen sulfates of ricinoleic acid in 
which either the hydroxy! group is esterified or sulfuric acid has added 
to the double bond but not both in the same molecule. In spite of the 
large amount of work expended upon studies of these compounds as 
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indicated by the voluminous patent literature,*°° individual substances 
have rarely been isolated and the structure of the sulfonic acids ob- 
tained by the action of sulfuric acid at 100° is entirely unknown. 

Useful products have also been obtained by the sulfonation of the 
methyl] ether of ricinoleic acid °° and from an ester resulting from 
the action of hydrogen cyanide upon ricinoleic acid followed by hy- 
drolysis and esterification.° 

Unsaturated amines including allylamine *! and the higher members 
of the series *? have been converted into esters by the action of sulfuric 
acid. 

Conjugated dienes are polymerized by acid, but 1,5-hexadiene 
gives with sulfuric acid a mixture of the cyclic ester and the bis- 
(hydrogen sulfate), both yielding the same glycol on hydrolysis. 

In only a few instances have the alkyl hydrogen sulfates or their 
salts obtained from olefins been isolated; in most investigations the 
esters have either been hydrolyzed to the corresponding alcohols by 
diluting the reaction mixture and distilling ** or neutralized and used 
as commercial products having wetting or detergent properties. 


Satts or ALKYL Hyprocen SuLFATES AS DETERGENTS 
AND WETTING AGENTS 


It was remarked by Méslinger ** that barium n-octyl sulfate was 
somewhat soluble in water and that the potassium salt was a soaplike 
water-soluble material which was stable in air. This is probably the 
first intimation that compounds of this type might find use as washing 
agents in water containing alkali-earth salts. No commercial devel- 
opment in this direction was possible until the higher-molecular- 
weight alcohols became available in large amounts at a reasonable 
price. Almost as soon as a catalytic method of reducing the esters of 
fatty acids was devised, interest in the salts of the n-alky] hydrogen 
sulfates containing about ten to eighteen carbon atoms was evidenced 
by the appearance of numerous patents on the preparation and uses *° 
of these compounds. The various methods of preparation have al- 
ready been outlined. A number of reviews are available in technical 
journals ® discussing the utilization of these new commercial products. 
Since their detergent action is unaffected by moderately hard water 
or acid solutions and since they have good wetting properties they are 
now in considerable demand for both industrial and domestic use. 

During recent years many patents have been granted which deal 
with esters other than those derived from the straight-chain alcohols. 
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Sulfates of branched-chain secondary alcohols have been found to be 
good wetting agents ** although less effective in detergent action than 
those having the polar group on the end of the chain. 

The hydrogen sulfates of alcohols containing one or more halogen 
atoms have been suggested as wetting agents and detergents.°**° A 
variety of hydroxy compounds containing one or more other functional 
groups have been converted into sulfuric acid esters, and the esters 
have been the subject of patent claims. Among these alcohols are 
substances with the formulas 


Ci7H33CON (CH3)CH2CH20C H2CH20H 

Ci7H33 COOCH2CH20CH2CH20H 

C17H33COOC HeCH2N (CH2CH20H)CH2CH2zCHOHCHs3 
Ci7H35 CONHCH2(CHOH)4CH20H 
RCONHCH:2CH20H 

RCONR’CH2CH20H 

CeHsSO2N (C4Ho)CH2CH20H ™ 


which are of the amide or ester type. Poly ethers having also an amine 
group in the molecule such as ArN(R)CH2CH2(OC2H4),OH, where 
n is 2 or 3, have been sulfated,}°? as have a series of sulfide alcohols, 
RSCH2CH.OH. A variety of cyclic alcohols ranging from cyclohex- 
anol and the terpene alcohols’ through those resulting from the 
reduction of hydroxybiphenyls ?°° to the ethylanilide of cholic acid *°* 
and the alcohols produced by reduction of resin acids*°’? have been 
claimed to yield hydrogen sulfates which are of industrial value in one 
way or another. Many other miscellaneous hydroxy compounds have 
also been sulfated*°* Practically all the literature in this field has 
been confined to patents and patent reviews. Detailed scientific 
studies of the properties of pure chemical substances are therefore 
lacking, and neither a satisfactory correlation of the structures of 
mono esters of sulfuric acid and their effects upon the surface tension 
of water nor the correlation of surface-tension effects with wetting 
and detergent properties is possible at present. The information that 
is available deals with the straight-chain normal alcohol derivatives. 
The solubility in water of the calcium and magnesium salts of cetyl 
hydrogen sulfate + is very slight, and hence the alkali salts of this 
are less useful as detergents than the lower members of the series. 
Aside-from the solubility the hydrogen sulfate salts obtained from 
lauryl, cetyl, and oleyl alcohols all have about the same detergent 
power.*?° However, in the scouring of wool, sodium oleyl sulfate has 
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been found to be superior to the lauryl compound.* The ammonium 
and sodium salts of the cetyl compound were found?” to exert an 
effect upon the surface tension of water similar to that of sodium 
ricinoleate. The interfacial tension of aqueous solutions of a number 
of salts of dodecyl (lauryl), tetradecyl, hexadecyl (cetyl), and octa- 
decyl hydrogen sulfates against paraffin oil at various temperatures 
has been reported.*!?, It has been reported that the presence of a 
sodium alkyl sulfate in a solution produces considerable error in the 
colorimetric measurement of the pH.1# 


ANALYSIS OF ALKYL HyproGEN SULFATES 


Because of the many commercial products which now contain salts 
of alkyl hydrogen sulfates it is of decided interest to have analytical 
methods available for distinguishing between these and soaps, and 
also for estimating quantitatively the sulfates in various mixtures. 

Estimation by precipitation of the barium alkyl] sulfate is not satis- 
factory,!'* and oxidation with potassium permanganate is likewise not 
quantitative. A procedure involving precipitation as the benzidine 
salts and extraction from benzidine sulfate with hot alcohol followed 
by titration with standard alkali may be employed, but other soaplike 
materials such as sulfonates interfere.1** Another procedure useful in 
some circumstances consists in the hydrolysis of the esters by heating 
with strong hydrochloric acid and weighing the alcohol produced.*35% 
Sodium lauryl sulfate undergoes a slow decomposition at 110° with 
formation of sodium acid sulfate and the loss in weight is a rough 


CizHesNaSO,4 Eset CizH24 + NaHSO, 


measure of the ester present.'?° Commercial sulfated alcohols contain 
ether-cxtractable material which is apparently a mixture of unreacted 
alcohol, fatty acids, and unhydrolyzed fat, and this complicates anal- 
ysis.14% Jn addition, sodium sulfate is always present in considerable 
amount. The alcohol extract of a commercial product apparently 
contains all the sodium alkyl sulfate, but it is difficult to free this from 
the alcohol without charring the residue. Hydrolysis of a product 
containing a sodium alkyl sulfate with hydrochloric acid of known 
concentration followed by titration with alkali permits an estimate of 
the amount of ester.‘ The rate of hydrolysis can be followed ap- 
proximately by the amount of alcohol which separates from solution. 
For a more extensive comparison of analytical methods the article of 
Biffen and Snell **% should be consulted. 
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Reactions or ALKYL Hyprocen SULFATES 


From a practical standpoint the most important reaction of alkyl 
hydrogen sulfates is their hydrolysis to the corresponding alcohols. 
Ethyl, isopropyl, and sec-butyl alcohols made by this reaction are 
now on the market at a low cost, and undoubtedly others will be pro- 
duced whenever there is a sufficient demand. It is claimed that sec- 
ondary alcohols of three to six carbons may be obtained 1*° by partial 
distillation of the aqueous hydrogen sulfate solution, the alcohols col- 
lecting in the distillate. Various types of apparatus and procedures 
have been devised for carrying out the hydrolysis efficiently..7 The 
hydrolysis of individual alkyl hydrogen sulfates is elaborated upon in 
later sections. 

In the instances in which reactions of alkyl hydrogen sulfates or 
their salts have been studied for several members of the series it is 
noticeable that the methyl ester is more reactive than its higher homo- 
logs. Thus in the formation of ethers from alky] hydrogen sulfates 
and alcohols, methyl! ether 37° is evolved readily at 110°, while for the 
ethyl 22° and higher homologs ?”° a temperature of 130-140° is ap- 
parently necessary for the reaction to proceed at a moderate rate. 
Similarly in the reaction of alkyl potassium sulfates with sodium sul- 
finates }*1 the methyl compound reacts slowly in a boiling aqueous so- 
lution while with the higher homologs no sulfone formation is detecta- 
ble unless the reaction mixtures are heated to a higher temperature 
under pressure. 

Fusion of a mixture of a sodium or potassium alky! sulfate with a 
metal nitrite 12? gives small yields of the nitro compound and alkyl 
nitrite. Typical results are listed in Table II. Potassium nitrite gives 
about the same yields as the sodium compound, while with calcium 


TABLE II 


Porasstum ALKYL SuLFatms anp Soprum Nirrire 


R= KRSO,, grams | NaNOz, grams | RNO:, grams | RONO, grams 
Methyl 30 20 2.4 0.5 
Ethyl 32.8 14 2.3 1.3 
n-Propyl 35 14 2.0 0.5 
Isobutyl 20 8 2.6 0.4 
Isoamyl 20 9 2.5 0.9 
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and barium nitrites somewhat lower results were obtained. During 
the fusions a considerable amount of the alcohol is produced. The 
source of the water necessary for the hydrolysis of the alkyl] potassium 
sulfate is unknown as the compounds were presumably dry at the 
start. Since nitric oxide was evolved continuously during the reaction 
it is possible that the alkyl nitrites come from the reaction of nitrous 
acid with the alcohols rather than from the initial reactants. The 
fusion mixture containing potassium methyl sulfate liberated some 
methylamine as a by-product. The nitroethane was found to contain 
a small amount of a nitrobutane. The formation of either nitrobutane 
or of methylamine is not easy to explain. The temperature at which 
reaction begins ranges with the various alky] compounds from 90° to 
140°; this is lowered slightly by the addition of a small amount of 
water to the reaction mixture. Mixing the reactants with sodium 
carbonate is claimed }** to produce higher yields of the nitro com- 
pounds. 

Dry distillation of a mixture of an alkyl potassium sulfate and 
potassium cyanide results in varying yields of a mixture of the alky] 
cyanides and isocyanides.1** For the cyanides other than ethyl the 


RKSO,z + KCN -— RCN + K2804 


yields, although not given accurately, were reported to range from 
15 to 40%. Adding a small amount of water to the reaction mixture 
gives a slightly smaller yield of cyanide with an increase in the iso- 


TABLE III 
R — METHYL ErHyu nm-PropYL © IsOBUTYL Is0aMYL 
% RNC = 2.4 4.3 2.2 1.4 ? 
%RCN = ins 40. ie wings eis 


cyanide up to the time the reaction mixture becomes dry. Further 
heating yields more of the cyanide uncontaminated with isocyanide. 
A further study of this reaction making use of a higher-boiling solvent 
might yield results of considerable interest. 

The reaction between potassium sulfide or potassium hydrogen sul- 
fide and an alkyl sodium sulfate occurs readily in aqueous solution. 
For the methyl compound 275 the reaction becomes appreciable at 30° 


CHsNaSO, + KSH —» CH3SH + KNaSO« 


when a concentrated solution of potassium hydrogen sulfide is used. 
The alkyl sulfide occurs as a by-product in the reaction, probably 
owing to the following equilibrium which would induce sulfide forma- 
tion. 
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CH38H -+- KSH = CH3SK + HS 
CH3SK + CH3NaSO4 — (CH3)2S + KNaSO« 


In the preparation of ethanethiol ?2° the use of calcium ethy] sulfate 
reduces the formation of sulfide to a minimum, probably because cal- 
cium hydroxide is a somewhat weaker base than sodium hydroxide, 
which would reduce the amount of ethanethiol present as a salt in the 
solution. n-Butyl sulfide has been obtained in good yields #7 by re- 
fluxing a solution containing sodium sulfide and sodium n-butyl sulfate 
for several hours. If the solution is distilled slowly a considerable 
amount of 1-butanethiol is produced indicating the stepwise nature of 
the reaction. Isoamy] sulfide has been prepared ??* from calcium iso- 
amyl! sulfate and an alkali sulfide. 

Esters of carboxylic acids are obtainable by heating the free acids 
with alkyl hydrogen sulfates provided that there is some reagent to 
remove free sulfuric acid.2?? Ammonium sulfate or a secondary or 
tertiary phosphate is suitable for this. 

The pyrolysis behavior of alkyl hydrogen sulfates and their salts 
may be generalized by the statement that all the compounds except 
the methyl ester yield chiefly olefins and the behavior of the methyl 
compound depends upon the particular salt employed. By heating to 
130-140° methyl hydrogen sulfate is converted into methyl! sulfate and 
sulfuric acid.48 The reaction is reversible, the reaction mixture at 
150-160° containing approximately three moles of methyl hydrogen 
sulfate to one of sulfuric acid and of methy! sulfate.%: This reaction 
is reversed at ordinary temperatures by dissolving methyl sulfate in 
100% sulfuric acid.?%? 


(CH3) 2804 + H2804 _ 2CH3HSO, 


Methyl ammonium sulfate rearranges *** upon heating to methyl- 
ammonium hydrogen sulfate. The reaction begins at 100° and pro- 


CHsNH,S80O., — CH3NH30S03H 


ceeds rapidly at 220° and above. As indicated by the change in acid- 
ity of the mixture it was found to be practically complete in 15 minutes 
at 275°. Above 220° a side reaction occurs to a slight extent, ethylene 
being evolved. 


2CH3NH.S04 —> CoH, + 2NH,HSO, 


An 85.6% yield of methylamine was first reported as obtainable under 
the best conditions, but later workers ** found the products of the 
reaction to be a mixture of the salts of the three methylamines, the 
maximum yield of methylamine obtainable being only 27% of the 
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theoretical amount. Methyl phenylammonium sulfate was found *? to 
rearrange more readily than the simple ammonium salt. 


CH3 (CeHsNH3)S8O4 _ (CeHsNH2CH3)HSO, 


Heating the pyridine salt of a higher-molecular-weight alkyl hydro- 
gen sulfate above 130° gives an emulsifying agent #** which may be 
(RNC;H;)HSO,. Potassium methyl sulfate decomposes at 220° to 
280° with formation of methyl ether.12* This reaction is accelerated 
by the presence of methy] sulfate. Sodium methyl sulfate gives a 7% 


2CH3KSO.4 —> (CH3)20 + K28207 
yield of methyl sulfate in addition to the methyl ether reaction. 


2CH3NaSO4 — (CH3)2804 + Na2SOa 


Calcium, barium, strontium, and lithium methyl] sulfates give only a 
trace of methyl ether, methyl sulfate being the main product. These 
salts decompose below 200° and for the strontium salt decomposition 
was evident even at room temperature. 

The decomposition of ethyl hydrogen sulfate in a vacuum ** gives 
a small yield of ethyl sulfate, but at ordinary pressures the reaction 
is the common one leading to the formation of ethylene.%* The re- 
verse reaction will be mentioned later (see p. 25). Distillation of a 
mixture containing barium ethyl sulfate gives ethyl sulfate as one of 
the chief products.12° The potassium salts of ethyl, isobutyl, and iso- 
amyl hydrogen sulfates give both the olefin and the corresponding al- 
cohol ##° when heated above 250°. In addition, the ethyl compound 
yields a small amount of ethyl ether. Ethyl, n-propyl, and isobutyl 
ammonium sulfates do not rearrange +**-1* to amine salts, the olefins 
being evolved instead. m-Octyl barium sulfate® gives octylene at 
100°. Heating an alkyl hydrogen sulfate to about 300° with a salt 
capable of reacting with the resulting sulfuric acid to give an inert 
compound facilitates formation of the olefin.?*? 


InpivipvaL ALKYL HyproGEen SULFATES AND THEIR DERIVATIVES 


Methyl Hydrogen Sulfate. Equimolecular quantities of methanol 
and surfuric acid at a temperature of 100° or below give only methyl 
hydrogen sulfate,4? whereas the use of an excess of alcohol and dis- 
tillation of the reaction mixture converts the first product into methyl 
ether. The rates of formation of methyl hydrogen sulfate at 40° and 
50° and that for methyl ether formation at 100° have been deter- 
mined #** by measuring the acid concentrations of the reaction mix- 
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tures at suitable intervals. Under the same conditions both reactions 
proceed more readily than those involving the corresponding ethyl 
compounds. The temperature coefficient for the rate of formation of 
methyl hydrogen sulfate was found to be 2.6/10°, while for the ethyl 
homolog it is 3.0. The presence of water in the reaction mixture 
greatly retards the formation of both ethers. 

At a temperature below 0° sulfur trioxide reacts with methanol to 
form the acid ester without appreciable side reactions.1*#® Chlorosul- 
fonic acid also reacts readily under these conditions, as mentioned 
earlier.*4 

Methyl hydrogen sulfate has been described ** as an oily liquid 
which does not adhere to glass, does not crystallize at —30°, and is 
miscible with ether in all proportions. The monohydrate, however, is 
insoluble in ether. Determination of the molecular weight in sulfuric 
acid solution gave the value 95 instead of the 112 expected if no ioni- 
zation had occurred.?4* An investigation of the conductivity of the 
aqueous solution indicates that methy] hydrogen sulfate is as com- 
pletely ionized as hydrochloric acid.**’ 

From a mixture containing two moles of methyl] hydrogen sulfate to 
one of chlorosulfonic acid about one-half mole of methyl] chlorosul- 
fonate is obtained ?#® when the reaction temperature is 90° to 100°. 


CH3sHS0O,4 + CISO3H — CH30SO2Cl + H2S804 


After some time at this temperature the secondary reaction shown 
below becomes significant.++* 


CHs0S0Oe2Cl + CHsHSO4 — (CH3)2804 + CISO3H 


Salts of Methyl Hydrogen Sulfate. The salts of methyl hydrogen 
sulfate have usually been made by adding to the reaction mixture of 
methanol] and sulfuric acid, after dilution with water, the hydroxide 
or carbonate of a metal of which the sulfate is insoluble in water. The 
corresponding salts of the ester are all soluble, and from these by ad- 
dition of a metallic sulfate any desired salt may be obtained. 


2CH3HSO,4 + BaCO3 me Ba(CH3804)2 + H20 + COz 
Ba(CH3804)2 + Na2SOs. — 2NaCHsSO4 + BaSOg 


A modification of this, which is possible when the lead salt is first 
formed, is to precipitate the lead as the sulfide with hydrogen sulfide 
and then neutralize the solution with a carbonate or hydroxide. 
Methyl ammonium sulfate has been obtained by neutralizing the re- 
action mixture containing unreacted sulfuric acid with ammonium 
carbonate,'** followed by an extraction of the mixture of salts with 
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hot methanol, which dissolves the methyl] ammonium sulfate. Ethyl 
alcohol is not so satisfactory for the separation because of the lower 
solubility of this salt. Methyl methylammonium sulfate is obtained 
in high yield by passing ammonia into a solution of methyl sulfate in 
benzene. Methyl phenylammonium sulfate precipitates from a meth- 
ano] solution of methyl hydrogen sulfate when aniline is added.** 

A mixture of equimolecular quantities of potassium methyl sulfate 
and potassium chloride +* when heated to a high temperature evolves 
a gas which is a mixture of one volume of methyl ether to two volumes 
of methyl chloride. An excess of potassium chloride increases the 
yield of methyl] chloride. 


2CH3KSO4 —_ (CH3)20 + K28207 
CHsKSO4 + KCl — CH3Cl + KeSO« 


Barium chloride gives a larger yield of methyl chloride than does the 
potassium compound. Metal bromides behave in a similar manner. 

In a study of the determination of methyl groups + in sulfur com- 
pounds by their decomposition with hydriodic acid, potassium methyl 
sulfate was found to give low results because of the formation of 
methanethiol. The formation of this might be accounted for by the 
following reactions, which, however, require verification. 


CH3KSO, + HI — CHs3I + KHSO, 
KHSO, + 9HI — HS + KI + 4H20 + 4le 
CHsI + HS — CH3SH + HI 


Although the second stage in the methylation of phenol with methyl 
sulfate, the reaction of sodium methyl sulfate with sodium phenoxide, 
takes place more slowly 75? than the primary reaction, it can be com- 
pleted by long refluxing of the aqueous solution of the reactants. 


CH3NaSO4 + CeH3ONa — CeHs0CH3 + NaeSOg 


The hydrolysis of methyl hydrogen sulfate and its salts has received 
considerable investigation. The hydrolysis of methyl potassium sul- 
fate is an autocatalytic reaction,** since the hydrogen-ion concentra- 
tion increases as the reaction progresses, which in turn accelerates the 
rate of decomposition. Since potassium hydrogen sulfate is not a 
strong acid the concentration of the hydrogen ion may be taken as 


CH3KS0O,4 + H2O — CH30H + KHSOg 


being proportional to the square root of the bisulfate concentration. 
On this basis the velocity of the hydrolysis was expressed by the equa- 
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tion dz/dt = ke Va Vz (1 — 2) in which a represents the initial con- 
centration of potassium methyl] sulfate and x the amount hydrolyzed 
at time t. This equation was found to express the results of the hy- 
drolysis at 105° and 115° in a quantitative manner. The presence of 
methanol in the reaction mixture inhibits the hydrolysis slightly, and 
the addition of neutral salts such as potassium nitrate produces the 
opposite effect. Neutral potassium sulfate decreases the reaction 
velocity by decreasing the hydrogen-ion concentration. Hydrochloric 
acid produces a large increase in the rate of hydrolysis. The temper- 
ature coefficient of the reaction velocity was found to be 2.75/10° in 
the interval 105-115°. 

The hydrolysis of calcium, strontium, and barium methy] sulfates ** 
in hydrochloric acid solution has been formulated as follows: 


Ba(CH3SO4)2 + H2O — BaSOs. + CH30H + CHsHS8O, 


CH3HSO. + HeO —> CH30H + H280Oz 
Ba(CH3SOa)2 + H2SO4 — BaSOg + 2CHsHSO« 


Since the substances involved are all highly ionized the results could 
be explained much more simply by the following ionic equations: 


CH3S0,- + H20 — H+ + 8O04~- + CH30H 
Bat+ + SO47~- — BaSOg 


The rate of hydrolysis in water alone is extremely slow.*** The rate 
of the reaction increases with an increase in the atomic weight of the 
metal in the salt. A study of the hydrolysis reaction in barium hy- 
droxide solution +** indicates this reaction to be of the second order. 

A large number of salts of methyl hydrogen sulfate have been pre- 
pared by the usual methods already mentioned, but as they are chiefly 
of interest in connection with the chemistry of the metals involved 
they are not considered here. 

Methyl] Fluorosulfonate. Methyl fluorosulfonate is formed by the 
action of fluorosulfonie acid with methanol. It is a liquid which boils 
at 92° 757 and has d*¢ 1.427, It corrodes glass and in the presence of 
alkali converts phenol into anisole. 

Methyl Chlorosulfonate. Methyl chlorosulfonate has been prepared 
in 70% yields from methyl] sulfate and chlorosulfonic acid *** and in 
small amounts from methyl hydrogen sulfate with the same reagent. 


(CH3)2804 + CISO3H —> CH30SO02Cl + CH3sHSO« 
CH3HSO«s + CISO3H — CH30802Cl + H2SO. 


22 ESTERS OF SULFURIC ACID 


Probably the most satisfactory method, however, is by the action of 
sulfuryl chloride upon methanol +** at a low temperature, 


CH30H + SOeCle — CHsOSO2Cl + HCl 


preferably in carbon tetrachloride solution, the hydrogen chloride be- 
ing removed by a current of dry air.#® Other methods of preparation 
that have been used include the action of methyl chloroformate upon 
chlorosulfonic acid 1° and the reaction of methyl hypochlorite with 


CICOOCH3 + CISOsH — CH30SO2CI + COz2 + HCl 
sulfur dioxide.1® 
CH30Cl + SO2 — CHs0802Cl 


The pure acid chloride is a colorless liquid which distils at 42°/16 
mm. and at 134-135°/760 mm. without decomposition; *** it has the d9 
1.514 and di5 of 1.492; and it melts at —70°. It was reported to have 
a violent lachrymatory action. 

The reaction of methyl chlorosulfonate with water ** in the presence 
of methanol has been studied in detail. Complete hydrolysis gives 
methanol, hydrochloric, and sulfuric acids. When water is present in 
excess, methyl hydrogen sulfate and hydrochloric acid are the princi- 
pal primary products, whereas with increasing quantities of methanol, 


CH;0S802C!I + H20 — CHsHSO. + HCl 


methyl chloride formation occurs to a considerable extent. 


CH30802C! + CH30H — CH3Cl + CHsHSO« 


A little methyl ether is also found among the reaction products. 
Under the trade name Vaillantite methyl chlorosulfonate has been 
recommended } as a methylsulfonating agent. With benzene, toluene, 
chlorobenzene, and naphthalene it gives about 60% yields of the 
methyl! sulfonate, together with some of the sulfonic acid and traces 
of the sulfone. It reacts with camphor to form an addition product 
which decomposes to give methyl 3-camphorsulfonate. This is soluble 
in alkali, probably as the enol form. The acid obtained from this ester 


CH; 

HC ae 
CH;CCH; | 

He H——CHS03CHs 


is different from the two previously known sulfonic acids of camphor. 


PREPARATION OF ETHYL HYDROGEN SULFATE 23 


In the presence of zine chloride at 140-160° methy! acetate reacts 
with methyl chlorosulfonate +** according to the following equation. 


CHsCOOCH3 + CH30802Cl — CHsCOOCH2803CH3 + HCl 


The yield of methyl acetoxymethanesulfonate is 25-30%. 

Methy] chlorosulfonate is an active methylating agent. In 30% 
sodium hydroxide solution phenol is converted into anisole ** in 75% 
yields. With dialkylamines a derivative of a tertiary amine is 
formed.**& 


CH30802Cl + 2(CH3)2NH — (CH3)3NS0O3 + (CHs3)2NH2Cl 


(For other alkylating reactions of this type of compound see the ethyl 
homolog.) 

Chloromethy] chlorosulfonate has been obtained ?® from parafor- 
maldehyde and chlorosulfonic acid in a yield of 135 g. from 100 g. of 
the polymer, and also by the action of chlorosulfonic acid upon chloro- 
methyl chloroformate.?* 


HCHO + 2ClSOsH — CICH20S02Cl + H2SO« 
CICH200CClI + CISO3sH — CICH20802Cl + COz + HCl 


Its solubility in water is so slight that hydrolysis is slow even in 
sodium hydroxide solution. It possesses a penetrating odor and is ir- 
ritating to the mucous membranes. The boiling point was given as 
49-50°/14 mm. and the density as 1.63. 

Preparation of Ethyl Hydrogen Sulfate. The reaction of ethyl] al- 
cohol with sulfuric acid was one of the first organic reactions to be 
studied, undoubtedly because of the ready availability of both re- 
actants. The earlier somewhat controversial literature+* is quite 
voluminous and can only be listed here. Hennell 2° found that equal 
weights of alcohol and “oil of vitriol” resulted in a 56% conversion of 
the acid into ethyl hydrogen sulfate. Berthelot? reported that at 
steam-bath temperature with 94% alcohol and 95% acid, 59% esteri- 
fication was obtained in twenty days. In the light of later work the 
slow change noted over this long period was due to secondary reactions 
rather than the formation of the acid ester. The reaction between 
three moles of absolute alcohol and one of sulfuric acid was reported 
to give a 77% esterification of the acid.*** The equilibrium was found 
to change very little with change in temperature. A more careful in- 
vestigation 1® of this reaction over the temperature range of 22° to 
96° gave 1.70 as the average value for the equilibrium constant, 
K= ESAS ,when titration was used to determine the 
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extent of the reaction, and 1.74 when the unreacted sulfuric acid was 
precipitated as lead sulfate and this compared with the lead ethyl 
sulfate still in solution. Since the two results agreed within the ex- 
perimental error the formation of ethyl sulfate and other secondary 
reaction products was considered to be negligible over the range of 
conditions investigated. When attempts were made to calculate the 
equilibrium constant, assuming hydrate formation for the water pres- 
ent, unsatisfactory results were obtained. Reaction-velocity measure- 
ments indicated the reaction to be of the second order with a temper- 
ature coefficient of 3.0 per 10°, which is slightly higher than that for 
methanol. The formation of ethy] hydrogen sulfate from 99.9% alco- 
hol and 95% sulfuric acid was found *”° to have reached its equilibrium 
value in 150 minutes at 20° and in 10 minutes or less at 70°. This 
rapid reaction is followed by a very slow change in acidity due to 
secondary changes which were not investigated. By isolation of potas- 
sium ethyl sulfate from various reaction mixtures it was shown that 
the determination of the extent of ethyl hydrogen sulfate formation by 
titration gave accurate values for temperatures under 80°. With 
nearly equimolecular quantities of reactants the extent of ester forma- 
tion is between 58 and 60% over the temperature range of 20° to 70°. 
This is considerably higher than Kremann’s value. 

An investigation of the variation of the equilibrium constant with 
the change in the molar ratio of alcohol to 100% sulfuric acid *7 gave 
1.52 for a 4 to 1 ratio and 1.73 for a 0.5 to 1 ratio. Molar ratios 
above and below these values give rapidly changing values of K. In 
a solution containing fourteen or more moles of alcohol to one of sul- 
furic acid the reaction is very slow, from two to three weeks being 
necessary to attain equilibrium at 18°. With the alcohol present in 
large excess the reaction is apparently monomolecular. 

The formation and decomposition of ethyl hydrogen sulfate in 
aqueous solution has been carefully investigated.17? By assuming that 
the sulfuric acid existed as a dihydrate a more satisfactory equilibrium 
constant was obtained, the ethyl hydrogen sulfate being left unhy- 
drated. The presence of water decreases *”* considerably the velocity 
of the ester formation. Kailan devised a complex empirical formula 
to fit the data. The addition of hydrochloric acid to the reaction mix- 
ture was found to increase the rate of ester formation but not so much 
as would be expected from the increase in concentration of the hydro- 
gen ions. 

Marchand ?*4 attempted to isolate pure ethyl hydrogen sulfate from 
the alcohol-sulfuric acid reaction mixture and obtained a liquid having 
the density 1.316 at 17°. Barium ethyl] sulfate was treated with the 


PREPARATION OF ETHYL HYDROGEN SULFATE 25 


theoretical amount of sulfuric acid in aqueous solution and the filtrate 
evaporated over calcium chloride. This product probably still con- 
tained a small amount of water. 

In a more recent 75 attempt to prepare the pure ester the best sam- 
ple had an ethyl hydrogen sulfate content of 84.5%. Further concen- 
tration was impossible owing to decomposition. From the solubility 
behavior of this product it was calculated that the pure ester would 
dissolve in dry ether to the extent of 1.27 g. per 100 ml. at 30°. This 
low solubility seems doubtful, however, since Claésson *** described the 
same compound as an oily ether-soluble compound which becomes 
immiscible with ether when it is mixed with an equimolecular quantity 
of water. Probably more satisfactory methods of obtaining the pure 
ester are the reaction of sulfur trioxide upon anhydrous alcohol **° or 
the action of ethyl sulfate upon an excess of alcohol,?’* followed by 
removal of the unreacted alcohol and the ether under reduced pressure 
at a temperature below 40°. 


(CeHs)2804 + CoHs50H — (C2Hs5)20 + CoHsHSO4 


The reaction between ethylene and sulfuric acid has been thoroughly 
studied because of its commercial importance in the preparation of 
the two esters of sulfuric acid and the alcohol and ether resulting from 
their hydrolysis. The presence of ethylene in various gaseous fuels 
and in the gas obtained by the cracking of oil in petroleum refining 
provides a large supply of raw material. The first investigators 277%» 
of this reaction observed that ethylene reacts very slowly with con- 
centrated sulfuric acid at ordinary temperatures but that at 100° and 
above absorption of the gas takes place rapidly. However, if the tem- 
perature is much above 110-120° appreciable charring occurs,?’" and 
side reactions are detectable at even lower temperatures. 

The amounts of ethylene absorbed from gases whose ethylene con- 
tent was varied have been determined 17° for several concentrations of 
sulfuric acid at 50° and 70°. Three stages in the process were identi- 
fied: (1) the solution of the ethylene in the sulfuric acid; (2) the for- 
mation of ethyl hydrogen sulfate; (3) the formation of ethyl sulfate. It 
has already been mentioned (see p. 9) that it is probable that reaction 
occurs in the thin surface film under most conditions rather than in 
the body of the liquid, hence stage 1 does not involve diffusion of the 
ethylene away from the gas-liquid interface. Gaseous mixtures con- 
taining 69% or more ethylene all gave about the same amount of ab- 
sorption in 99.3% sulfuric acid at 50°. These results are shown in 
Table IV. The results are empirical and vary with the type of ab- 
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sorption vessel. The effects of varying the concentration of the acid 
and the temperature upon the products formed are shown in Table V. 
The presence of ethyl hydrogen sulfate was found to have a decided 


TABLE IV 


: % Gain in Weight : % Gain in Weight 
% Ethylene in Gas of 99.3% HS, % Ethylene in Gas of 99.3% H80, 
92.7 3.66 50.7 2.62 
86.4 3.87 46.4 2.30 
84.0 3.58 41.4 2.21 
78.9 3.62 37.3 1.91 
72.7 3.58 29.6 1.44 
69.6 3.52 25.2 1.32 
64.6 3.41 17.9 1.06 
59.8 3.14 8.0 0.48 
57.3 2.72 


autocatalytic effect upon the reaction rate, which was explained on 

the basis of an increased solubility of the ethylene in the mixture. 
Rapid agitation of the absorption mixture increases the absorption 

rate greatly,1”° owing to increased surface area exposed to the ethy- 


TABLE V 

% HSO, Weight In- C2H;HSO, (CoHs)2804 % HoSO4 % H:0 Tempera- 

at Beginning} crease, % | Formed Formed at End at End ture, °C 
93.1 16.56 60.1 0.0 33.9 6.0 50 
97.6 29.23 73.9 15.8 8.4 1.9 50 
99.3 32.01 72.7 22.2 4.6 0.5 50 
93.1 20.83 69.5 2.2 22.5 5.8 70 
95.8 27.98 79.1 9.4 8.2 3.3 70 
98.1 34.25 74.8 20.3 3.5 1.4 70 
98.8 36.23 68.1 29.3 1.7 0.9 70 
100.1 36.62 70.0 30.0 70 


lene. The same investigators reported that at temperatures above 60° 
a partial decomposition of the products in side reactions occurred. 
The presence of various salts increases the rate of absorption, cu- 
prous sulfate and chloride being the most useful; the concentration of 
catalyst was between 1 and 5% for low-temperature absorption. By 
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the addition of 5% cuprous oxide to 95% sulfuric acid a 94% yield 
of ethyl hydrogen sulfate was obtained at 40°, the ethylene absorption 
occurring rapidly. The ethylene was absorbed at even lower temper- 
atures in the presence of & cuprous catalyst and mercury. Cuprie sul- 
fate also is an effective catalyst.1®¢ In outlining a process for the re- 
moval of ethylene from illuminating gas ?*” a catalyst consisting of 
1% of mercury with vanadic, uranic, or molybdic acid was suggested 
for use in 66 Bé. acid. In the presence of a foam-producing agent 
colloidal silver and silver compounds !*" are also effective. When cat- 
alysts are used the temperature of the reaction mixture can be kept 
as low as 35°, preventing the formation of isethionic acid. A semi- 
commercial plant has been described '** in which a copper catalyst is 
employed. More recently 1** several other catalysts have been advo- 
cated for accelerating the absorption process. Catalysts only increase 
the absorption rate, however, and do not affect the total absorption.1* 

A study of the effect of pressures above atmospheric '* upon the 
reaction of ethylene with 100% sulfuric acid showed that at 3.5 at- 
mospheres and ordinary temperature the product contained a 35% 
yield of ethyl] sulfate and 51% of ethyl] hydrogen sulfate, and at 10 
atmospheres the percentages were 62 and 30. This is important in 
the preparation of alcohol.** At 15 atmospheres pressure 2 kg. of sul- 
furic acid is needed per kilogram of alcohol (from hydrolysis of the 
resulting esters), whereas at atmospheric pressure 5 kg. is necessary. 
For details of various absorption procedures the monograph of Ellis 1#¢ 
should be consulted. 

At low temperatures ethers are only slightly reactive toward concen- 
trated sulfuric acid, but upon long heating ethyl ether is decomposed +87 
with the formation of ethyl hydrogen sulfate. 

Ethyl acetate and ethy! chloroacetate '** are decomposed by 100% 
sulfuric acid to the extent of 15.3 and 32.9% respectively on a com- 
parable basis according to the following equation. 


RCOOC2Hs + H2804 — RCOOH + C2HsHSO, 


Reactions of Ethyl Hydrogen Sulfate. The hydrolysis of ethyl hy- 
drogen sulfate to the aleohol and acid or the partial hydrolysis of a 
reaction mixture followed by conversion to ethyl ether 8% 18 by the 
usual reaction has received some investigation and offers a method for 
the partial! utilization of the ethylene obtained from petroleum refin- 
ing. Ethyl! aleohol presumably from this source has been competing 
with that from the regular fermentation process for some time. The 
hydrolysis takes place with considerable difficulty at ordinary tem- 
peratures. For instance, it has been reported '* that a dilute solution 
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of ethyl hydrogen sulfate does not undergo measurable hydrolysis after 
standing 24 hours at room temperature. At 100°, however, reaction 
occurs readily in concentrated solutions. The rate of hydrolysis of 
the soluble barium salt has been measured *™ by the rate at which 
barium sulfate is precipitated. It was found to be greater in 1 N 
hydrochlorie acid than in water but less in 0.5 N acid than in water 
solution. This result, however, was not confirmed by other workers, 
who found the rate to increase regularly with increase in the hydrogen- 
ion concentration. The rate of hydrolysis in an alkaline solution is in 
general less than in an acid solution of the same concentration. The 
rate of hydrolysis of the various salts increases with an increase in 
the atomic weight of the metal while a change in weight of the alkyl 
group has the opposite effect.1** 

The hydrolysis of barium ethy] sulfate was said by Kremann to be 
a first-order reaction, but this statement was criticized by Linhart,'** 
the hydrolysis of this salt with barium hydroxide or of the sodium salt 
with sodium hydroxide taking place in accordance with a second-order 
reaction equation. 

In addition to the general reactions already given (see p. 15), salts 
of ethyl hydrogen sulfate have been employed in several other types of 
alkylations. Heating sodium ethyl sulfate to 120-130° with a concen- 
trated solution of sodium sulfite 1° results in a nearly quantitative 
yield of sodium ethanesulfonate. 


CoHsNaSO, -+ Na2SO3 —- CoHsSO3Na + Na2SO4 


By fusing the sodium salt of an amide or potassium phthalimide 
with sodium ethyl sulfate the N-ethyl compounds are formed in good 
yields.*** Sodium amide behaves similarly, forming ethylamine mixed 
with some ammonia. 


CH3CONHNa + C.H;NaSO, — CH3;CONHC2H; + Na SO, 


SNCoH5 + NaKSO, 
c=0 


C=O 
SNK + CoHsNa80O4 — 
C=0 


NaNH, + C,H;NaSO, — CoH;NH, + Na.SO, 


Alcoholic ammonia reacts with potassium ethyl sulfate at a high 
temperature to give some ethylamine.’®* Distillation of a mixture of 
barium ethyl sulfate and ammonium sulfate also gives a small amount 
of this product.’*® The ethylation of conine, diethylamine, and di-n- 
propylamine to the tertiary amines proceeds slowly 1*7 at 100° in a 
concentrated solution of potassium ethyl sulfate. 
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2(C2H5)2NH + CeHsKSO4 _ (C2H5)aN + (C2Hs)2NH2KSO,4 


By heating a concentrated aqueous solution of sodium ethy] sulfate 
with sodium phenoxide in an autoclave at 150° for an hour a high 
yield of phenetole is obtained.#8* Similar attempts to ethylate o- and 
p-nitrophenols sometimes led to explosions. 

Distillation of potassium ethy] sulfate with potassium nitrate ** was 
reported to give a sweet-tasting liquid which distils at 84-86° and has 
the d?° of 1.045. It exploded when heated above its boiling point. 
Despite the analytical results, which indicated an empirical formula 
of CyHi,07Ne, the product was probably mostly ethyl nitrate; this 
boils at 84-86° and has the d®° of 1.020. 

At 25° sodium ethyl] sulfate reacts very slowly with hydrogen chlor- 
ide,? but at 65° or above a quantitative yield of ethyl chloride results. 
The barium salt behaves similarly at 80°. 


C2HsNaSO4 + HCl — NaHSO, + C2HsCl 


The solution of an arylhydroxylamine in alcoholic sulfuric acid un- 
dergoes a series of complex reactions among which is the alkylation 
of an intermediate phenol to a phenol ether.?” 

The electrolysis of a solution of ethyl hydrogen sulfate does not 
produce acetaldehyde as one of the products.?°? 

A very large number of salts of ethyl hydrogen sulfate have been 
described in the literature, but since these are primarily of interest 
from the standpoint of the respective metals they are not considered 
here. 

Ethyl Halosulfonates. Fluorosulfonic acid reacts readily with ethy- 
lene 2 and also with ethyl] ether *®’ with formation of ethyl fluoro- 


C2Ha + FSO3H — C2Hs0SO2F 


sulfonate. The yields obtained corresponded to 40 and 30% of the 
theoretical amounts. It is a colorless liquid which distils at 24°/12 
mm., 113°/752 mm., and has d 1.310 at “room temperature.” Although 
fluorosulfonic acid does not affect glass the esters have an appreciable 
etching effect. Ethyl fluorosulfonate is not miscible with water but 
hydrolyzes quite readily, and the products, of course, dissolve. No 
action was noted with absolute ethyl] alcohol, which is surprising in 
view of the vigorous reaction of ethyl chlorosulfonate with this com- 
pound. Since the methy] fluorosulfonate exerts an alkylating action 
toward phenol in alkaline solution the ethyl homolog undoubtedly 
would also, but this reaction has not been investigated. 
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Ethyl chlorosulfonate was first obtained by the action of fuming 
sulfuric acid upon ethyl chloride,? isethionic acid resulting as a by- 
product of the reaction, From 2 kg. of sulfur trioxide Purgold 7°* ob- 
tained 600 g. of ethyl chlorosulfonate. He prepared the same sub- 


CeHsCl + S803 -+ C2Hs0802Cl 


stance by the action of phosphorus pentachloride upon potassium 
ethyl sulfate, and from ethyl chlorocarbonate and sulfur trioxide. 


CoHs0SO020K + PCls — CoHsOSO2Cl -++ KCl + POC; 
ClCOOC2Hs + SO3 — C2aHsOSOeCl + CO2 


Ethyl] hydrogen sulfate also reacts with phosphorus pentachloride ?° 
to give the same product. Sulfur dioxide adds to ethyl hypochlorite.’ 
Sulfuryl chloride reacts readily with absolute alcohol to give an 80% 


C2Hs0Cl + SO2 — C2Hs0802Cl1 


yield of the acid chloride 15*.2°* if a stream of dry air is bubbled 
through the reaction mixture. Ethylene dissolves very readily in a 
mixture of sulfuric and chlorosulfonic acids ?°* with the evolution of 
heat to give a high yield of the acid chloride. An excess of chloro- 


CeHs0H + SOQeCle — Ce2HsO0802Cl + HCl 
CoH, + CISO3H — CeHsO0SO2Cl 


sulfonic acid reacts with ethyl alcohol °4* to give the acid chloride 
when the reaction mixture is not kept at a low temperature. 


2ClSO3H + C2Hs0H -— C2HsOS8O2Cl + H2S0,4 + HCl 


Ethy] chlorosulfonate is a colorless mobile liquid boiling at 58°/20 mm. 
and having the d!® = 1.263. It has a penetrating odor and is a strong 
lachrymator. It is insoluble in water but dissolves in fuming nitric 
acid, from which it is precipitated unchanged by dilution of the solu- 
tion with water. 

When distilled at atmospheric pressure it decomposes into sulfur 
dioxide, sulfuric acid, hydrogen chloride, and ethylene. Reaction is 
slow with cold water but becomes quite rapid at the boiling point of 
the mixture. In a closed tube at 100° the products are ethyl ether 
and sulfuric and hydrochloric acids.*°*° When distilled with steam a 
16% yield of ethyl chloride is evolved. No trace of ethyl hydrogen 
sulfate was found.*°¢ With concentrated potassium hydroxide in 
water or alcohol solution ethyl chloride and potassium sulfate result. 


CeHs0802Cl + 2KOH — CoHsCl + K2804 + H2O 
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The reaction with an alcohol is very vigorous, a variety of products 
resulting. The probable reactions are listed below. 


CeHsOSO02Cl + 7-CsHi110H — CoHsCl + i-CsHi1HSO,4 
CeH;0S802Cl + C2Hs0H — CeHsCl + CoHsHSO,4 
C2Hs0SO2Cl + 2C2Hs0H — (C2Hs)20 + HCl + CoHsHSO, 
CeHs0S8O2Cl + C2Hs0H — (CoHs5)2S04 + HCl 
Some of the ethyl ether may also result from another reaction. 
(C2Hs5)2504 + C2Hs0H — (C2Hs)20 + CoHsHSO« 


The yield of ethyl] sulfate was never above 20% of the theoretical. 
Ethyl chlorosulfonate has also been reported to react with ethyl 
ether,?** but this is contrary to earlier work 2°7* and should be re- 
investigated. With a sodium aleoholate in ether solution an addition 
product results whose structure ?°* has probably not been satisfactorily 
explained. This addition product decomposes when its ether solution 
is heated, or upon the addition of water, into the alkyl sulfate, alkyl 
ether, sodium alky] sulfate, and sodium sulfate. The yields of the 


TABLE VI 
YreLps or Dscomposrrion Propucrs 
Products C,:H;OH i-C;H,OH #-C,H,OH 4-CsH1:0H 
C2HsRSQ,, % 37.2 62.2 50 49 
C2HsOR, % 27.7 Pea ae Present 
RNaSQy, % 47.6 29.3 26 29 
NasSQu, % 5 heck 11 21.8 


various products determined are given in Table VI. The reaction is 
thus seen to be similar to that with the alcohols themselves. 

Ethyl] chlorosulfonate reacts violently with ammonia ?%*?°8 to give 
a mixture of products. When dry ammonia is passed into the dry 
ether solution of the acid chloride most of the products precipitate as 
deliquescent salts. In the ether solution a trace of triethylamine and 
‘an oi] which was probably CepHsNHSO2O0C2H; were found.?°° In an- 
other experiment using benzene as the solvent the analogous compound 
(C2Hs)2NSO20C2H; was isolated from the benzene layer. The pre- 
cipitated salts consist of a mixture of di-, tri-, and tetraethylammo- 
nium chlorides. No ethylammonium chloride was present. In addi- 
tion there was some ammonium chloride and ammonium aminodisulfo- 
nate; the latter readily hydrolyzes to ammonium bisulfate and am- 
monium sulfamate. With an excess of ammonia the principal product 
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becomes ethylamine.**°* The chief action of the ethyl chlorosulfonate 
is therefore that of an alkylating agent. 

Diethylamine 2 in cold ether solution gives chiefly diethylamino- 
sulfonic acid, (C2H;)2NSO3H, together with some triethylamine and 
tetraethylammonium chloride. It was shown by the preparation and 
study of ethyl diethylaminosulfonate that this compound is not an 
intermediate since it was inert under the same conditions. Di-n-butyl- 
amine 7? at 100° reacts with ethyl and other chlorosulfonates with 
evolution of the alkyl chloride. 

The reaction of ethyl] chlorosulfonate with aniline has been investi- 
gated quite completely. It was first 241 reported that ethyl chloride 
and sulfanilic acid were the only products. However, it was soon ?!? 
found that phenylaminosulfonic acid was an intermediate in the for- 
mation of the sulfanilic acid. If ethyl chlorosulfonate is added to an 
ether solution of aniline at a low temperature '*4 neither sulfanilic acid 
nor ethyl chloride results. The products are N-ethylaniline hydro- 
chloride, aniline hydrochloride, and phenylaminosulfonic acid. 
Later 72° work has shown that diethylaniline and ethylphenylamino- 
sulfonic acid are also present in the reaction products. The last 
named product can be further alkylated with ethyl chlorosulfonate. 


CeHsN(C2Hs)SO3Na + ClSO20C2Hs — CeHsN(C2Hs)2 + NaCl + ? 


With dimethylaniline in chloroform solution at a low temperature, 
ethyl chlorosulfonate forms ethyl chloride and an addition product of 
dimethylaniline with sulfur trioxide, together with dimethylethylphen- 
ylammonium chloride. The first equation accounts for about 80% of 


CISO20C2Hs + 2CsHsN(CHs3)2 — CeHsN(CHs3)2803 + CoHsCl 
ClSO20C2Hs + 2CgsHsN(CHs3)2 
CeHsN(CH3)2C2HsCl -k CeHsN(CH3)2803 


the reaction products. The sulfur trioxide addition product when 
heated to 60° rearranges into the p-sulfonic acid, a compound also 
formed in the reaction of ethyl chlorosulfonate upon dimethylaniline 
at a higher temperature. The quaternary salt is not produced by the 
action of ethyl chloride on dimethylaniline since these do not react 
appreciably at a low temperature. 

At 60° a mixture of phenol and ethyl chlorosulfonate reacts °° to 
give ethyl chloride, hydrogen chloride, two sulfonic acids, and a viscous 
aromatic oil. Sodium phenoxide (50 g.) in ether suspension gives 
22 g. of phenetole and 24 g. of phenol when treated with 31 g. of ethyl 
chlorosulfonate. The ether-insoluble residue contains sodium chlo- 
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ride and sodium bisulfate. It is stated in the patent literature 2° that 
an alkaline solution of eugenol or other substituted phenol reacts with 
ethyl chlorosulfonate to give a mixed aryl alkyl] sulfate. However, 
the properties of the compounds reported correspond more nearly to 
the ethyl ethers than the esters of the phenols, so it is probable tha~ 
the interpretation of the reaction in the patents is in error. 

The reaction of ethyl] chlorosulfonate with a concentrated water solu- 
tion of sodium acetate ?°** gives ethyl acetate and acetic acid. 


C2Hs0S802Cl + 2CH3;COONa + H20 —- 
CH3COOC2Hs + CHsCOOH + NaCl + NaHSO, 


Since ethyl chlorosulfonate behaves as an alkylating agent so fre- 
quently, it is surprising that it does not do so with the sodium salts 
of ethyl acetoacetate and ethy] malonate. Instead, chlorination occurs 
exclusively, the other product being a sulfite. The reaction was car- 
ried out in dry ether at a low temperature. 


CH3C-==CHCOOC2Hs + ClSOsC2Hs — 


ONa 
CeHs0SO2Na + CH3COCHCICOOC2Hs 


The final product with ethyl] malonate under similar conditions was 
ethanetetracarboxylic acid ester, presumably formed from ethyl] chlor- 
omalonate and ethyl sodiomalonate.?°® 

Ethyl chlorosulfonate is sulfonated by sulfur trioxide to a com- 
pound *°7¢ which is readily hydrolyzed to isethionic acid. 


CH.S03H 
CH3CH20802Cl-+803 —» HOsSCH2CH20802C1 => | +HCl 
CH20S03H 


With fuming hydrochloric acid a 91% yield of ethyl chloride is obtain- 
able, and hydrobromic acid gives up to 50% of ethyl bromide.?!° 
When ethyl! chlorosulfonate is treated with a suspension of zinc dust 
in water a violent reaction ensues, ethyl chloride is evolved, and zinc 
sulfite remains in solution. When heated to 130° with tin and a trace 


ClSO3C2Hs + Zn — CoHsCl + ZnSOz 


of iodine, ethylene, stannic chloride, sulfur dioxide, and hydrogen 
chloride are produced.?°% 

When chlorine is passed into bis-(2-chloroethy]) sulfite 2-chloro- 
ethyl chlorosulfonate results #4#* in 90% yields. It has also been ob- 
tained from ethylene chloride and sulfur trioxide.?**® The correspond- 
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ing bromo compound has been prepared from bis-(2-bromoethyl) sul- 
fite and sulfuryl chloride 2*5 in a yield of 81%. 

n-Propyl Hydrogen Sulfate. Apparently no attempt has been made 
to isolate the free ester. The potassium salt 2?* has been prepared in 
the usual way from the reaction mixture obtained from n-propy] alco- 
hol and sulfuric acid. The optical properties 2+” of the crystalline salt 
have been measured. The conductivities 218 of solutions of the sodium 
salt and the free acid indicate that they are highly ionized. 

n-Propy! chlorosulfonate 2?® results in 70% yields by the action of 
sulfuryl chloride upon the alcohol at a low temperature. It is a liquid 
which distils at 44°/4 mm. and 65°/15 mm. With n-propyl nitrite at 
80° a 32% yield of the alky] sulfate is obtained.??” 

n-Buty! Hydrogen Sulfate. Barium n-butyl] sulfate has been pre- 
pared ??° from the n-butyl] alcohol and sulfuric acid reaction mixture 
by neutralizing with barium carbonate. The ammonium salt may be 
made ?* by heating n-butyl] alcohol with ammonium aminodisulfonate, 
NH (SO;NH,)2, in pyridine solution. 

n-Butyl chlorosulfonate has been obtained 7° from n-butyl sulfite 
and chlorine in 96% yield, and also from the alcohol and sulfuryl 


(n-C4Hs) 2803 + Cle => n-CsHoOS802Cl + n-C4HoCl 


chloride. Attempts to prepare it by the action of excess chlorosulfonic 
acid upon the alcohol have been unsuccessful.2*2 n-Butyl chlorosul- 
fonate has the following properties: B.p. 76-77°/13 mm., d = 1.250, 
d?? = 1.225, and n*3Jof 1.4245. It reacts with n-butyl orthoformate 
and with n-butyl] sulfite to give n-butyl] sulfate. 

Isobutyl Hydrogen Sulfate. The pyrolysis of some salts of this 
compound have already been mentioned. The statement that the bar- 
ium salt decomposes as low as 130° with formation of 2-butene 2° as 
well as isobutylene is of considerable interest. The potassium salt 
with potassium ethoxide gives isobutyl ethyl ether when heated in 
aleohol at 110-130°. Calcium isobuty] sulfate has been described.?*4 

Isobuty] chlorosulfonate *°* has been obtained in a crude state by 
the action of sulfury] chloride upon the alcohol, but it was too unstable 
to purify. 

Primary Amyl Hydrogen Sulfates. The earlier investigations of 
the amyl] alcohols from fusel oil did not distinguish between the two 
isomeric compounds present, hence many of the derivatives recorded 
in the literature are mixtures. From the action of sulfuric acid on the 
mixed alcohols ??5 a syrupy sulfuric acid derivative was obtained from 
which a large number of salts were prepared. The free acid was 
found to be unstable. Chlorine reacted readily with its aqueous solu- 
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tion at ordinary temperatures, but no reaction products were isolated. 
Nitric acid was also observed to react when warmed with the mixed 
amyl hydrogen sulfates. It was shown by Pasteur ?* that the two 
amyl hydrogen sulfates formed isomorphous salts, but that the barium 
act-amyl] sulfate was about 2.5 times as soluble in water as the isoamy] 
salt, the latter being obtained pure after fifteen or twenty recrystalli- 
zations of the mixture. This barium isoamyl sulfate was later com- 
pared with that obtained from synthetic isoamyl alcohol and the two 
found to be identical.?27_ The solubility of the anhydrous salt was re- 
ported to be 9.7 g. per 100 g. of water at room temperature. A more 
careful study 228 of the separation of the barium amy] sulfates demon- 
strated the possibility of obtaining both salts in a pure state. From 
700 g. of mixed salts obtained from an alcohol containing 80% of the 
isoamyl compound there was isolated 200 g. of pure isoamyl alcohol. 
To obtain the optically active isomer it was more convenient to start 
with a mixture containing 50% or more of the active alcohol which 
was available in the fusel oil from molasses. The solubility of the 
barium isoamyl! sulfate at 20.5° was given as 12.8 g. per 100 g. of 
water, while for the act-amyl compound it is 28.2 g. per 100 g. of 
water. Careful determinations were also made of the solubilities of 
the mixed crystals containing the two salts in varying proportions. 

Sodium isoamyl] sulfate is listed by Neuberg 72° as one of the sub- 
stances whose water solutions show hydrotropic properties, and its use 
as a solvent for casein has been patented.?#° 

The rate at which isoamyl sodium sulfate hydrolyzes 7"! in acid solu- 
tion is about half as great as for the ethyl ester. Heating isoamyl 
potassium sulfate with potassium nitrate is reported 7°? to give a con- 
siderable amount of the nitrite. 

Isopropyl Hydrogen Sulfate. The importance of isopropyl hydro- 
gen sulfate lies in its use as an intermediate in the preparation of 
isopropyl alechol and ether from propylene. This olefin reacts much 
more readily with sulfuric acid than does ethylene,!?®17* and it can be 
absorbed in acid of lower concentration. This is necessary to obtain 
a high yield of the ester, as with concentrated acid side reactions 2%* 
become prominent. Absorption is facilitated by the use of an inert 
liquid solvent #4 to dissolve the propylene, the solution being kept in 
contact with sulfuric acid. This decreases the polymerization which 
occurs if the propylene dissolves directly. Acid of 87% concentration 
is most satisfactory. Polymerization may also be avoided by the use 
of 65-80% acid, a temperature of 10-30°, and a pressure of more than 
50 lb. per sq. in.#85 The reaction may also be carried out in the liquid 
phase at a low temperature,?8* the evaporation of a part of the pro- 
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pylene controlling the temperature of the reaction mixture. It is also 
claimed that propylene will dissolve in concentrated sulfuric acid at 
~15° if a mixture of gases containing it is kept in contact with the 
acid for some time.287 Sulfurie acid diluted with about an equal vol- 
ume of glacial acetic acid dissolves propylene and forms isopropy] hy- 
drogen sulfate 78° at 40°. This then reacts to give isopropyl! acetate.?*° 

Isopropyl] hydrogen sulfate has also been obtained from the action 
of concentrated sulfuric acid upon the aleohol,**° but with this reagent 
polymers and probably some isopropyl] ether represent a considerable 
share of the reaction products.?° 

For a discussion of the preparation of isopropyl aleohol on a com- 
mercial scale from isopropyl hydrogen sulfate Ellis’ treatise ®* should 
be consulted. 

Barium isopropy] sulfate loses its water of hydration upon standing 
in the air.4° 

sec-Butyl Hydrogen Sulfate. The ester obtained from sec-buty] al- 
cohol and concentrated sulfuric acid 242 has been used to obtain the 
optical isomers of the aleohol. The brucine salts were fractionally 
crystallized. The alcohol obtained upon hydrolysis, however, had a 
very low rotation, and it was believed that partial racemization had 
occurred. 

Since the butylenes are more readily absorbed than propylene and 
ethylene it is possible to prepare a mixture of butyl hydrogen sul- 
fates 74? practically free from lower homologs by using the proper con- 
centration of sulfuric acid in the absorption vessel. Isobutylene can 
be separately absorbed by 65% acid 4 and the other butylenes taken 
up in 85% acid at 30°, or in not less than 88% acid at 3° or below.*4 
The liquid-phase absorption of the butylenes under pressure at 30-35° 
has also been patented.*4* With 78% sulfuric acid the formation of 
polymers from liquid 2-butene is very slight, but with higher con- 
centrations this becomes important.”** Hydrolysis of the butyl hydro- 
gen sulfate obtained from 1- or 2-butene gives sec-butyl alcohol.?*¢ 

Higher sec-Alkyl Sulfates. The hydrogen sulfates of 3-hexanol 747 
and of 2-octanol ?4* have been prepared in the usual manner by the 
action of sulfuric acid on the alcohols. The former ester was found to 
hydrolyze readily with hydrochloric acid and to give an olefin at a 
comparatively low temperature. 

The octadecy] sodium sulfate which was reported ?** to hydrolyze 
more readily than the lower alkyl esters was probably a secondary 
alkyl derivative. Reference has already been made * to the technical 
interest in the esters of various branched-chain secondary alcohols 
because of their value as wetting agents. 
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Tertiary alkyl esters of sulfuric acid have apparently not been iso- 
lated, but there is some evidence **° for believing that they may exist 
as intermediates in the formation of certain mixed ethers. Triphenyl- 
carbinyl hydrogen sulfate apparently exists chiefly in the ionic state 
in sulfuric acid solution as already mentioned (see p. 2). 


SusstTiruTep ALKYL Hyprocen SULFATES 


Halogen Compounds. Until recently 8-chloroethyl hydrogen sulfate 
has been prepared only in connection with the equilibrium studies al- 
ready discussed (see p. 4). It has now been obtained from the ac- 
tion of ethylene chlorohydrin with sulfamic acid.28° The correspond- 
ing acid chloride 2" results from the action of sulfuryl chloride 2°? upon 
ethylene chlorohydrin and from the action of sulfur trioxide upon 
ethylene chloride 2** below 45°. 


CICH2CH2Cl + SO3 — CICH2CH20S80-Cl 


It is a liquid boiling at 101°/23 mm. It reacts with §-chloroethyl 
nitrite to give the alkyl sulfate. 


CICH2CH20ONO + CICH2CH20S802Cl — (CICH2CH2)2804 + NOCI 


Upon long standing, decomposition occurs with evolution of hydro- 
gen chloride and darkening. It has the odor of chloropicrin. It is 
apparently considerably more stable than the unsubstituted compound. 

8-Bromoethy] chlorosulfonate was made in a similar manner. It 
distilled at 100-105°/18 mm. Both esters were reported to be effec- 
tive as lachrymators. The bromo compound has also been made ?*5 
from the sulfite and sulfury!] chloride. 


(BrCH2CH2)2803 + SOzCle + BrCH2zCH20S02Cl + BrCH2CHe2Cl 


Trifluoroethyl alechol reacts with sulfuric acid with considerable 
diffculty.°4 The barium salt, (CFs;CH,O0SO3;) 2Ba-H,0, was isolated. 

The magnesium salt of tribromoethy] hydrogen sulfate,?"* prepared 
by esterification of the alcohol, has been found to be of no value as a 
rectal anesthetic. 

3-Chloropropyl chlorosulfonate and 2,3-dichloropropyl chlorosul- 
fonate have also been reported.2°* They are more stable than the cor- 
responding unsubstituted propyl compound. The monochloro deriva- 
tive has also been converted into the sulfate. 


CICH2CH2CH20S02Cl + (CICH2CH2CH2)2S03 — 
(CICH2CH2CH2)2804 + CICH2CH2CH2Cl + SOz 
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Concentrated sulfuric acid reacts with 1,2-dichloroethylene 7? to 
give a compound which hydrolyzes to chloroacetaldehyde and hence 
must have the structure indicated. 


CICH==CHC] + H2804 — ClCH2CHCl]OSO3H 
CICH2zCHCIOSO3H + H20 — ClICH2CHO + HCl + HeSO« 


Glycerol @,y-dichlorohydrin rcacts with chlorosulfonic acid at 0° to 
give a solid ester.?°7 


(CICH2)2CHOH + ClSO3H — (CICH2)2CHOSO3H + HCl 


B-Aminoethyl Hydrogen Sulfate. By heating §-hydroxyethylam- 
monium hydrogen sulfate (ethanolamine hydrogen sulfate) gradually 
to 250° or for an hour at 130° it is converted into the ester.?°**” This 
compound has been prepared also by the action of 20% oleum at ice 


HOCH2CH2NH3HS8SO, — H3NCH2CH20803 + H20 


temperature ?5*¢ and by other concentrations of sulfuric acid.25*4 

Hydrolysis of the aminoethyl] hydrogen sulfate occurs slowly in 
water solution at 100°. At room temperature no discernible amount 
of barium sulfate was obtained after ten hours’ standing with aqueous 
barium chloride. In acid solution hydrolysis is not increased, but re- 
fluxing for several hours with 25% potassium hydroxide resulted in 
75% of the sulfur appearing as sulfate ions. Titration of the ester 
with standard alkali using phenolphthalein as the indicator gave a 
somewhat indefinite end point but a “formol” titration gave good 
results. 

When the ester is distilled with 40% sodium hydroxide solution one 
product of the reaction is ethyleneimine,?5** which has been isolated 
in a yield of 26.5%. 


H3NCH2CH,OSOz + 2Na0H ——> CH2CHe + Na2SO4 + 2H20 
N 
H 
The formation of aminoalkyl hydrogen sulfates from unsaturated 
amines and sulfuric acid has been mentioned earlier.*!»®* The proper- 
ties of these compounds have been but little investigated. 
Hydrogen Sulfates of Hydroxy Acids and Their Derivatives. The 
neutral sodium salt of the hydrogen sulfate of 10-hydroxystearic acid 


has been isolated from the product obtained by the action of chloro- 
sulfonic acid upon an ether solution of the hydroxy acid.*** Esterifi- 
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cation of 9,10-dibromo-12-hydroxystearic acid (from ricinoleic acid) 
by chlorosulfonic acid in ether 7° and of the diiodo compound by 
sulfuric acid 2*® have been reported. 

The hydrogen sulfates of alkyl e-hydroxyisobutyrates have been 
utilized in the preparation of alkyl methacrylates.?** This is one of 
the rare references to sulfate esters of a tertiary hydroxyl. Higher 

Cis0:8 


(CH3)2C(OH)COOR ———> (CH3)2C(OSO3H)COOR — 
CH2=C(CH3)COOR 


alkyl esters of hydroxy acids such as octadecy] lactate 7*** and also of 
branched-chain hydroxy acids 26> may be converted into acid sulfates 
by sulfuric acid. Di- and polyhydroxy acids have been sulfated by 
spraying 5 to 10% oleum into the reaction mixture.?**¢ The chlorosul- 
fonate of ethyl] lactate has been prepared from the sulfite.26#° 

The sodium salts of hydrogen sulfates derived from the esters of 
hydroxydicarboxylic acids are useful as wetting agents.2** Examples 
of these compounds are shown by the formulas. 


NaOsSOCHCOOCH2CH (C2Hs)C4Ho N. sl aaah Ale 
CH2COOCH2CH(C2Hs)C4Ho HOCHCHOHCOOR 


The action of sulfuric acid upon the hydroxynitriles obtained from 
aldehydes and ketones results in the formation of the hydrogen sulfates 
of the hydroxyamides,?** which can be hydrolyzed readily. 
ReC(OH)CN + HeSO4 — ReC(OSO3H)CONH2 =<, Re2C(OH)CONH2 

The synthesis of the hydrogen sulfate of ricinoleic acid by various 
methods has been mentioned earlier. The free acid sulfate is a yellow 
oil.26® Adding sodium chloride to its aqueous solution gives the acid 
salt, CHs(CH2) «CH (OSO3;Na) CH=CH (CH2);COOH. The neutral 
salt has been isolated from sulfonated castor oil. Hydrolysis of the 
sulfate group occurs more rapidly in acid than in alkaline solution.?°*-° 
Physical properties of the aqueous solutions of the sodium, ammonium, 
and potassium salts have been investigated.?°? 

Hydrogen Sulfates of Arylcarbinols. The reaction of benzy] alcohol 
with sulfuric acid results in a resinous material 7°’ due to intermolec- 
ular dehydration, but it is possible to prepare benzyl hydrogen sulfate 
by the use of chlorosulfonie acid in pyridine.?***» Methylene sulfate 
likewise yields the benzyl ester when treated with benzyl alcohol.?* 


CeHsCH20H + CH2S0O4 — CsHsCH20SO3H [+ HCHO] 
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Triphenylearbinol dissolves in sulfuric acid to give the acid ester 
as mentioned earlier. Dilution with water regenerates the carbinol.?* 
Tri-p-tolylcarbino] has also been converted into the ester.?7° 

Treating ephedrine with cold sulfuric acid forms the ester of pseudo- 
ephedrine,?*! inversion occurring. This ester exists as the dipolar ion. 

When anthraquinone is heated with pyridine, chlorosulfonic acid, 
and copper, the diester of the corresponding alcohol is bélieved to be 
produced.??? 

° a ya 


Cu + oat ese 
Caw 


é  ososH 
The action of oxidizing agents such as lead dioxide in the presence of 
sulfuric acid upon the methylanthraquinones results in the formation 
of the acid sulfates of the w-hydroxy compounds.?"8 

Hydrogen Sulfates of Cyclic Alcohols. The technical interest in 
the hydrogen sulfates of cyclic alcohols has been mentioned earlier.?* 
Cyclohexy! hydrogen sulfate is produced when cyclohexanol is treated 
with chlorosulfonic acid or oleum.?** Borneol and menthol have been 
converted into the hydrogen sulfates by action of methylene sulfate.?"5 
Treating turpentine oil with 10% of its weight of sulfuric acid yields 
among other things the hydrogen sulfates of borneol and d-fenchyl 
alcohol,?’® which are stable in acid solution. 

Several salts of cholesteryl hydrogen sulfate have been described. 
This ester may be prepared by the action of chlorosulfonic acid or 
sulfur trioxide upon cholesterol] in the presence of pyridine in chloro- 
form solution.?”? 


Hyprocen SuLrares or GLYCOLS AND GLYCEROLS 


Concentrated sulfuric acid reacts with ethylene chlorohydrin at 150° 
with evolution of hydrogen chloride 2"* to give a compound identical 
with that obtained from ethylene glycol with the same reagent.?° 


HOCH2CH2Cl + H2S04 — HOCH2CH20803H + HCl 


This ester has likewise been prepared by the action of chlorosulfonic 
acid upon the glycol.?8° The barium salt is highly soluble in water. 
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Heating its water solution resulted in a slow precipitation of barium 
sulfate. Adding two moles of chlorosulfonic acid to one of the glycol 
gives the bis-(hydrogen sulfate), a thick syrup which dissolves in 
water with the evolution of heat and hydrolyzes slowly at ordinary 
temperatures. The potassium and barium salts were described. 
Both hydroxyl groups of propylene glycol are esterified when it is 
treated with a large excess of sulfuric acid.?8 This ester can be re- 
solved by strychnine into its optical isomers. It was found to be very 
stable in water solution, complete hydrolysis not occurring even after 


CH3CHOHCH20H + 2H2S04 — CH3sCH(OSO3H)CH20S03H + 2H2G 
boiling with strong acid. Several salts were characterized. 

The bis-(hydrogen sulfate) has been made from 1,10-octadecandiol 
by treatment with chlorosulfonic acid in ether solution.?©° The neutral 
sodium salt was isolated in the pure state. A monoacid sulfate of 
unknown structure has been made from epichlorohydrin and sulfuric 
acid.?7* It was described as a thick oil. By treating epichlorohydrin 
with a mixture of nitric and sulfuric acids a mixed ester of the struc- 
ture CICH,CHONO.CH,OSO3H was obtained. This was described as 
a water-insoluble oil, a description hardly in accord with its supposed 
structure.22, Glycerol a-chlorohydrin when heated with sulfuric 
acid ?*3 gives mostly the bis-(acid sulfate) accompanied by 3 to 5% of 
glycerol bis-(hydrogen sulfate). This mixture of esters reacts with a 
fatty acid to give the corresponding esters of the fatty acid. 


ae ea 
CHOSO3H + 2RCOOH — ore + 2H2S804 
CH20S803H CH200C-—R 

Allene dissolves in sulfuric acid to give a bis-(hydrogen sulfate) ,?64 


2H20 


H2C==C=CH2 + 2H2S504 — CH3C(OSO3H)2CH3 ——»> 
(CH3)2CO + 2H2S04 


which hydrolyzes to acetone and so must have the structure indicated. 
Further studies of the stability of this type of ester would be of in- 
terest. 

By mixing two parts of sulfuric acid with one of glycerol a mono 
ester results.28° It decomposed when efforts were made to obtain it in 
a pure state. Its use in the treatment of hides has been suggested.?®* 

A mixed glyceryl] ester 78’ of lauric and sulfuric acids is produced 
when one mole of trilaurin is treated with seven moles of concentrated 
sulfuric acid. 
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pail 1Hesa pion 1H23 
oe + H2S04 > CHOOCC):He23 + Ci1H2sCOOH 
CH200CCi1Ha3 CH20803H 


To replace all the laurie acid residues it is necessary to employ a very 
large excess of 100% sulfuric acid at a low temperature. 

Glycerol when mixed with four times its weight of 98% sulfuric acid 
is quickly converted into the a,y-bis-(hydrogen sulfate).?8* The sul- 
fate groups are replaced readily by treatment of the ester with an 
aliphatic acid.*8° The potassium and barium salts were prepared. 


CH20HCHOHCH20H + 2H2SO4 — 
CH2(OSO3H)CHOHCH20S803H + 2H20 

CH2(OSO3H)CHOHCH20803H + 2RCOOH > 
(CH200CR)2CHOH + 2H2SO«4 


By the action of chlorosulfonic acid upon glycerol at 0° all three 
hydroxyl groups are esterified.28° Claésson reported this compound 
readily hydrolyzed by water, but it was found later 7° that only two 
of the sulfate groups are easily removed, hydrolysis of the third being 
incomplete after boiling a water solution of the ester for 48 hours. It 
is unlikely that equilibrium had been attained, as a dilute solution 
(21.5 g. in 500 ml. of water) of the ester was used. 

The sulfuric acid esters of higher aliphatic polyhydroxy alcohols 
such as heptadecantriol have been patented ** as wetting-out agents. 


HyproGEN SULFATES OF CARBOHYDRATES AND RELATED COMPOUNDS 


Claésson ** was able to prepare by the action of chlorosulfonic acid 
on erythritol at a low temperature a mono- and a tetra- (hydrogen 
sulfate). Mannitol reacts with sulfuric acid 7°? to give a number of 
compounds of uncertain structure. At 38-40° a high yield of a bis- 
(hydrogen sulfate) which contains a double bond and an ethylene 
oxide ring is obtained. Highly sulfated products are formed from 
mannitol, dulcitol, and dulcitan by the action of chlorosulfonie acid. 

The hydrogen sulfates of glucose have received considerable atten- 
tion because of their value in throwing light upon the structure of 
other glucose derivatives. Chlorosulfonic acid in excess converts d- 
glucose into a chloro compound with the structure CH,0SO,H (CHOS- 
O3H)s;CHCICHO.”*° In water at ordinary temperature the chlorine 
hydrolyzes, leaving the four sulfate groups intact. After a day, how- 
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ever, one of these is removed, and by heating the solution d-glucose 
is regenerated. The rate of hydrolysis of a mixture of d-glucose poly- 
sulfates permits a guess as to how much mono-, di-, and poly esters 
are present.29* The chloroglucose derivative is also obtained by the 
action of chlorosulfonic acid upon dextrin, starch, and cellulose.2°* By 
addition of the cellulose reaction mixture to acetic anhydride a d- 
glucose pentacetate is obtained. 

A mono-(hydrogen sulfate) of d-glucose results 25 when a mixture 
of chlorosulfonic acid and chloroform is added to a pyridine solution 
of the sugar. A number of the salts of this ester have been character- 
ized and their mutarotations investigated.2°* These salts are not fer- 
mented by yeast and hence can be conveniently freed from unreacted 
sugar. An enzyme has been found,?*’ however, that will ferment the 
ester. 

The hydrogen sulfates of 1,2-acetoneglucose and 1,2,5,6-diacetone- 
glucose have been prepared 78 from the glucose derivatives by treat- 
ment with chlorosulfonic acid or sulfuryl chloride in pyridine. Neither 
of these compounds reduces Fehling’s solution or forms an insoluble 
barium salt. The rates of hydrolysis of the mono- and diacetone 
derivatives were K = 4x 10° and 6 « 10°, respectively. The di- 
acetoneglucose hydrogen sulfate gave the monoacetoneglucose 3-(hy- 
drogen sulfate) when hydrolyzed, while the other compound has the 
sulfate group in the 6-position. 

By acetylation of the reaction mixture containing d-glucose hydro- 
gen sulfate 2°*° with sodium acetate and acetic anhydride the tetra- 
acetylglucose 6-(hydrogen sulfate) resulted. The isomeric 1-(hydro- 
gen sulfate) is obtained by the action of chlorosulfonic acid upon tetra- 
acetylglucose. This sulfate is easily hydrolyzed. 

An addition product obtained from the action of silver sulfate upon 
acetobromoglucose or of silver carbonate upon a mixture of tetra- 
acetylglucose 1- (hydrogen sulfate) and acetobromoglucose in pyridine 
was found ®°° to contain a molecule of pyridine in the form of a quater- 
nary ammonium compound containing two glucose molecules as shown 
in the formula. The formation of this compound can be explained by 
the addition of the neutral sulfate of tetraacetylglucose to the pyridine 
just as methyl] sulfate would add under the same circumstances. This 
salt formed a neutral aqueous solution in which it was completely 
ionized, the apparent molecular weight being 400 while in acetic acid 
it was about twice this value. The reaction giving this type of prod- 
uct was found to be highly characteristic and limited to the acylated 
1-halogen sugars of the pyranoid type. Glucose halogen derivatives 
of the furanoid type give syrupy products having the sulfate present 
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H —_OSO; GHN 4H 
of C 
HOOAe HOOAe 
AcOCH O AcOCH O 
HOOAe HOOAe 
He HC--——— 
duoc bss0A0 


as a salt with no quaternary ammonium linkage. The significance of 
this behavior as related to the structure of various sugars has been 
discussed °° in detail. 

The sulfate group in triacetyl-@-methyl-d-glucoside sodium sulfate 
was found to be stable to alkaline hydrolysis, 8-methyl-d-glucoside 
sodium sulfate being formed. ° 

The action of potassium pyrosulfate upon sucrose in dilute potas- 
sium hydroxide solution °°? and subsequent addition of barium acetate 
solution resulted in a 16.5% yield of the barium salt of a sucrose hy- 
drogen sulfate. It does not reduce Fehling’s solution and has the ro- 
tation a?%° = 26.09, while a sulfate formed by the action of chloro- 
sulfonic acid upon sucrose gives a barium salt °° having the rota- 
tion 222° = 37.64. The structures of these esters have not been deter- 
mined. By the action of chlorosulfonic acid upon sucrose in pyri- 
dine *** there is formed a mixture of hydrogen sulfates, containing 
from one to four sulfate groups, which have not been separated. 

By the partial hydrolysis of agar-agar there is formed among other 
things the hydrogen sulfate of a polysaccharide which was found ®°5 to 
contain in combination 39.5% galactose, 8.2% pentose, about 8% of 
sulfate, an unidentified hexose, and a substance showing a ketose re- 
action. Electrodialysis of commercial agar yields an “agar acid” hav- 
ing a molecular weight of 3000 or more ** which is apparently the 
source of the above compound. 

Some attention has been given to hydrogen sulfates of the more 
complex carbohydrates.*°’ Cotton treated with chlorosulfonic acid in 
the cold for 24 hours is degraded into e-chloroglucose tetra- (hydrogen 
sulfate) ,28°.? but in the presence of pyridine at 100° dry cotton or 
filter paper is converted into a gelatinous mass * soluble in water to 
a colloidal solution. From this solution various salts were obtained. 
It was not established whether the substance was a derivative of 
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cellulose itself or some partial degradation product. The barium salt 
when given a second treatment with chlorosulfonie acid gave an ester 
with a content of three hydrogen sulfate groups for each six-carbon 
unit of cellulose. The first treatment gave a product averaging 2.78 
such groups, and never more than 2.9 such groups even after several 
weeks’ standing with the chlorosulfonie acid reagent.®°® It was pos- 
sible, however, to introduce the three hydrogen sulfate groups in one 
operation by the use of sulfur trioxide as a gas or in carbon bisulfide 
solution.*?® Well-characterized salts which were stable in air were iso- 
lated. Strangely enough, the mono- and diesters were not formed even 
by the use of an insufficient amount of sulfur trioxide, unchanged 
cellulose being recovered. More than three moles of sulfur trioxide 
may be added on to each cellulose unit of six carbon atoms, but these 
come off readily as sulfuric acid when the reaction product is placed 
in water. The potassium salt [C yH7O;(SO3K)3], which separates 
from its water solution at 0° contains 12-14% water which can be 
driven off by heating in a high vacuum at 100°. It is a tasteless 
amorphous material that dissolves readily in hot water to give a col- 
loidal solution. It is insoluble in organic solvents and is precipitated 
from water solution by the addition of potassium hydroxide. Boiling 
its water solution leads to only slight decomposition, and even with 
aqueous alkali at 150° only a slow reaction occurs. Hydrochloric acid 
reacts slowly to give chiefly d-glucose, but alcoholic hydrogen chloride 
liberates sulfuric acid and only slightly changed cellulose. Because of 
the low temperature at which the ester is formed it was believed to be 
a true derivative of cellulose. However, a water solution of the sodium 
salt of the product obtained by the chlorosulfonic acid-pyridine method 
is more viscous and this may indicate a higher molecular weight for 
the latter compound. 

The reaction of sulfuryl chloride with starch ** in dilute alkali gives 
a mixture of products containing small quantities of sulfur, the molec- 
ular weights indicating that considerable degradation of the starch 
molecule has occurred. By the use of the (chlorosulfonie acid)-pyri- 
dine reagent an ester of starch is obtained *!? from which a potassium 
salt with the composition CgHs0;(SO3K)2-2.5H2O has been isolated. 


B. ARYL HYDROGEN SULFATES 


The discovery that part of the sulfuric acid present in urine could 
not be precipitated as barium sulfate unless the solution were boiled 
with hydrochloric acid #8 led to the isolation of potassium pheny] sul- 
fate and p-tolyl sulfate from this source. These and other aryl esters 
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of sulfuric acid were first ‘+ synthesized by heating a concentrated 
solution of the potassium phenoxide to 60-70°, adding finely divided 
potassium pyrosulfate, and shaking for several hours. The yield was 
25-30%, based upon the phenol. It was later *1°94¢ found that the 
yield could be increased to 80-85% by carrying out the reaction 


CeHs0K + K28207 — CgsHsOSO3K + K2S04 


in the presence of dimethylaniline. Esters of resorcinol, catechol, hy- 
droquinone, the three hydroxybenzoic acids, and gallic acid were pre- 
pared by this modified method. 

Heating phenol with aminosulfonic acid at 100° for 24 hours pro- 
duces ammonium pheny! sulfate,**7 a higher temperature leading to 
nuclear sulfonation. Substituted phenols behave similarly. 

A method of sulfate synthesis developed in connection with a study 
of the conversion of eugenol to vanillin *1* consists in esterifying the 
phenol by the action of chlorosulfonic acid in the presence of pyridine 
in carbon disulfide or chloroform *** solution. Adding potassium hy- 
droxide to the reaction mixture gave pyridine, potassium eugenyl sul- 


OH OSOsHNCs5H35 
OCH3 OCH3 
+ CISOsH + 2CsHsN + CsHsNHCI 
CH2CH=CHa2 CH2CH=CH2 


fate, and potassium chloride. Boiling the ester with 10% aqueous so- 
dium or potassium hydroxide converted it into the isoeugenyl] com- 
pound without hydrolysis. The potassium salts of the esters of phenol, 
thymol, a-naphthol, and benzyl alcohol were prepared in the same 
manner as that from eugenol. More recently *1* 1° it has been found 
that a dialkylaniline, which is readily recovered, may be substituted 
for the pyridine. The phenol was added to the diethylaniline and 
chlorosulfonic acid in carbon disulfide at a low temperature rather 
than adding the chlorosulfonic acid last as the yields were much higher, 
90% of the theoretical amount of sodium pheny! sulfate being obtain- 
able. The ester of p-nitrophenol was made by adding a sulfur dioxide 
solution of sulfur trioxide to the phenol and pyridine or by the addition 
of the phenol to a solution of the pyridine-(sulfur trioxide) complex 
in benzene. Refluxing the benzene solution gave 90-94% of p-nitro- 
pheny] hydrogen sulfate. 

Later it was found *7°¢ that some aryl hydrogen sulfate is formed 
when a phenol is treated with chlorosulfonic acid at a low temperature 
even in the absence of a tertiary base. The yields are low, however, 
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sulfonic acids being the chief products. These esters are known only 
as their salts, the free esters being unstable. Potassium pheny] sulfate 
decomposes slowly in contact with moist air, and more rapidly in hy- 
drochloric acid solution. Refluxing with dilute acetic acid causes very 
slow hydrolysis, which is prevented by the addition of sodium acetate. 
Various enzymes induce no change ** in 10 days at 40°. A detailed 
study of the hydrolysis of substituted aryl hydrogen sulfates in acid 
solution has been made by Burkhardt and co-workers.®?°%¢ In con- 
trast to the ease of hydrolysis in acids, boiling with concentrated 
potassium hydroxide causes no appreciable change. Even at 150° the 
reaction is slow. Heating with concentrated ammonia solution causes 
some hydrolysis but no aniline formation. Similarly, heating with 
aniline gives no diphenylamine. On the other hand, heating with so- 
dium phenoxide gives a 25% yicld of phenyl! ether.’ Here as in other 


CeHsONa + CoeHsNaSO4 _ (CgHs)20 + NaeSOa 


compounds the carbon-oxygen bond attached to the carbon of the ben- 
zene ring is difficult to break. Diazo compounds do not couple with 
potassium phenyl sulfate in alkaline solution. Nitrous acid has no 
action even after several days’ standing, whereas concentrated nitric 
acid decomposes the ester with subsequent nitration of the phenol. 

When the dry potassium phenyl sulfate is heated to 100°, decom- 
position begins and this goes to completion rapidly at 150~160° with 
formation of potassium p-phenolsulfonate. When the sodium salt is 
heated some of the ortho isomer appears in the reaction mixture. There 
is thus some similarity to the metal phenyl carbonates, in which the 
product also varies with the salt. 

The esterification of the phenol hydroxyl with sulfuric acid stabilizes 
the compound against oxidizing agents. Thus potassium isoeugenyl 
sulfate is oxidized by ozone *?* to the vanillin derivative and the tolyl 
potassium sulfates are converted by the action of potassium perman- 
ganate in alkaline solution into the corresponding derivatives of the 
hydroxybenzoic acids. Under similar conditions the naphthyl com- 
pounds give a mixture of very soluble acids which are difficult to sepa- 
rate.21® From the a-naphthyl compound a little hydroxyphthalic and 
phthalic acids were isolated. 

The p-toluidine salts of the toly] hydrogen sulfates possess sharp 
melting points which are characteristic.**? It is quite probable that 
arylamine salts would also form suitable derivatives for other aryl 
hydrogen sulfates. 

The esters of nitrophenols and nitronaphthols can be reduced to the 
azo, hydrazo, or amino compounds ®* without removing the sulfate 
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group. With nitrous acid the ortho amino compounds split off potas- 
sium hydrogen sulfate, but the meta and para isomers diazotize nor- 
mally, the diazonium compounds coupling to give water-soluble dyes 
still containing the ester group. 

Aryl fluorosulfonates result from heating the diazonium salts of 
fluorosulfonic acid *** above 100°. Phenyl fluorosulfonate distils at 


ArN2SO3F — ArOSOeF + Neo 


180°, and p-chloropheny] fluorosulfonate at 211-213°. These com- 
pounds do not hydrolyze readily. The claim is made that they are 
useful for combating moths. 

Sodium phenoxide and sulfuryl chloride react **5 in benzene solution 
at 0-5° to form phenyl] chlorosulfonate. This compound distils at 


CeHsONa + SO2Cle —» CeHsOSO2Cl + NaCl 


98°/12 mm. and with slight decomposition at 221-222°/735 mm. 
Compounds of this type are stable toward acids, but alkali converts 
them into aryl sodium sulfates. Probably their most interesting re- 
action is that of arylation of sodium alkoxides and phenoxide, which 
occurs readily in an anhydrous solvent with formation of the corre- 
sponding ethers. 

Some substituted anthrahydroquinone esters of sulfuric acid 8*° made 
by reducing the corresponding anthraquinones with zinc dust in the 
presence of the (sulfur trioxide)-pyridine addition product have been 
patented as dye intermediates. Esters of 1,2,2’,1’-dianthraquinonazone 
have been prepared similarly.®’ 

Hydrogen sulfate esters of aminoanthrahydroquinones may be pre- 
pared by treating the acylated compounds with pyridine sulfotrioxide 
in the presence of copper powder and then removing the acyl group by 
hydrolysis.2*8 

C. ALKYL SULFATES 


Methyl and ethyl sulfates are the only members of this series of 
compounds that have received sustained attention, and it is only com- 
paratively recently that the ethyl ester has become readily available. 
The usefulness of the methyl and ethyl compounds indicates that the 
higher homologs are worthy of more study. It should be recognized, 
however, that none of these is likely to replace the corresponding alkyl 
bromide as an alkylating agent for general purposes, since only one 
of the alkyl groups of the sulfate is capable of entering into most re- 
actions. This is a severe handicap unless the unreacted alkyl is read- 
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ily recoverable in useful form. There are, however, undoubtedly par- 
ticular instances where the somewhat greater reactivity of the higher 
alkyl sulfates will make them useful in laboratory work. Compara- 
tively recently *?* 58° it has been shown that the n-alkyl sulfates up 
to octadecyl may be made from the alcohols by the following reactions. 


ROH + SOeCle — ROSO2Cl + HCl 
2ROH + SOCle — ReSO3 + 2HCl 
ROSO2Cl] + ReSO3 — ReSOs. + RC] + SOo 


In addition to the products indicated, appreciable amounts of olefins 
are formed. These were believed to arise from the following reaction. 


ROSO2CI + R28O03 — ReSOs + R’CH=CHe + SOz + HCl 


If this procedure can be adapted to the preparation of considerable 
quantities of the alkyl sulfates they may be expected to become com- 
mon laboratory materials. 

A number of procedures have been described in the patent literature 
for the preparation of alkyl sulfates by the action of olefins with sul- 
furic acid.** Details of this reaction for ethy] sulfate are given in a 
subsequent section. 

Although the preparation of alkyl] sulfates by the action of sulfury] 
chloride with alcohols has been patented,®*? the yields obtained are 
generally very low. 


METHYL SULFATE 


Methyl Sulfate (1); Preparation. Methyl sulfate was first obtained 
in a somewhat impure state about a century **° ago, but the first ex- 
tensive study of its preparation was made much later by Claésson.* 
It was obtained in both instances by distillation of methyl hydrogen 
sulfate, which pyrolyzes as follows. 


2CH3HSO, a>, H280z + (CH3)2804 


This is an equilibrium reaction, the approximate number of moles of 
each product present at 150-160° being 1H2SO,, 1(CHs3)2SO, and 
38CH3HSO,.3%* The methyl hydrogen sulfate necessary for the prepa- 
ration may be made from methanol and sulfuric or chlorosulfonic 
acid,*8*.855 from methyl ether and sulfuric acid,*** or in the other ways 
already discussed (see p. 8). Typical of good procedures is that de- 
scribed by Guyot and Simon.*#7-388 Slow distillation under reduced 
pressure of a mixture of 100 parts of methanol and 400 parts of 60% 
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fuming sulfuric acid gives 90-95% of the theoretical amount of methyl 
sulfate. Some methy] ether is formed in the reaction, and this may be 
absorbed in acid used in another run. The use of 25% oleum reduces 
the yield of methyl sulfate to 60-65% of the theoretical amount. 
Passing a stream of dry air and sulfur trioxide into a solution of 
methyl ether in methyl sulfate has been patented **° as a method of 
preparation, as has the reaction of a mixture of sulfur dioxide and 


(CH3)20 + SO3 — (CH3)2804 


chlorine with methanol.**° Methyl chloride and methyl hydrogen sul- 
fate are by-products in this method, as they are in the reaction of 
sulfuryl chloride and methanol which, however, gives only a small 


SOze + Cle + 2CH30H — (CH3)2804 + 2HCl 


yield *4t of methyl sulfate (see p. 8). 

Methy] sulfate is also reported to result from passing methanol over 
heated sodium pyrosulfate,**? probably according to the following 
equation. 


Na2Se07 + 2CH30H — (CH3)2804 + NaeSO4 + HeO 
Methyl ether reacts with either the pyrosulfate or methyl chloro- 
sulfonate. 
(CH3)20 + CHgO0SO2Cl — (CH3)2804 + CH3Cl 
(CH3)20 + Na2S207 — (CHa)2804 + Na2SOg 


Several methods of preparation which can possibly be extended to 
higher homologs have been discovered. Methyl nitrite reacts with 
methyl chlorosulfonate **° to give a 40% yield of methy] sulfate. 
Methyl hydrogen sulfate and methyl chloroformate *** at 100° for 6 


CH3ONO -++ CH30SO2Cl — (CH3)2804 + NOCI 


hours give a 100% yield of the same compound. The reaction is not 
so satisfactory with ethyl hydrogen sulfate, however. A reaction 
which is of more general application than the foregoing involves alkyl 
sulfites.**° At ordinary temperature chlorine reacts as indicated, 


(CH3)2803 + Cle > CH3Cl + CH30802Cl 
(CH3)2803 + CH30SO02Cl — (CH3)2804 + SO2 + CHsCl 


the methyl chlorosulfonate reacting with another molecule of methyl 
sulfite when the temperature is raised to 120-140° to produce an 80%. 
yield of methyl] sulfate. 
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A small amount of methyl-sulfate is formed in a reaction mixture 
containing methy!] hydrogen sulfate and methyl chlorosulfonate,*** but 
equilibrium favors the reverse reaction. 


CH3HSO, + CH30S02C] = (CH3)2804 + CISOsH 


Thermal decomposition of the salts of methyl hydrogen sulfate **¢ 
gives varying yields of mcthyl sulfate ranging from practically none 
for the potassium salt to nearly 100% of the theoretical for the lithium 
and alkali-earth salts. The strontium salt decomposes slowly even at 
room temperature; the others require up to 200°. It might be of inter- 
est to try this method of preparation with the higher alkyl] sulfates. 


Sr(CH3804)2 _ (CH3)2804 + SrSO4 


Methy] sulfate is a colorless mobile liquid which distils at 188.8°/760 
mm. with slight decomposition. Its solubility in water at 18° is 28 g. 
per liter. Its solvent properties have been investigated by Walden.*4? 

Methyl! Sulfate (2); Reactions. The hydrolysis of methy] sulfate 
has been frequently investigated. The first methyl group is removed 
much more rapidly than the second.*** If an appreciable concentra- 
tion of methanol accumulates in the solution a secondary reaction oc- 


(CH3)2504 + H2O — CH30H + CH3HSO, 
(CH3)2804 -+ CH30H — (CH3)20 + CHsHSO« 


curs as indicated by the equation. The presence of small amounts of 
acid does not accelerate the rate of hydrolysis, a behavior common to 
the esters of strong acids.**° Methyl sulfate is hydrolyzed by water 
alone about 5 times as fast as ethyl sulfate; with 0.56 N potassium 
hydroxide at 25° the ratio is about 45 to 1.88 This difference is not 
because of the difference in the solubility of the two esters in water as 
the relative reaction rates in methyl and ethyl alcohols are about the 
same as in water.*5! Likewise with sodium ethoxide in ethyl alcohol 
at 25° methy! sulfate reacts 25 times as fast as ethyl sulfate, and at 0° 
the ratio is even higher, 58 to 1. Although methyl alcohol reacts with 
methyl] sulfate more rapidly than ethyl alcohol, sodium methoxide in 
methyl alcohol reacts more slowly than does sodium ethoxide in ethy] 
alcohol. 

Sodium and potassium hydroxides differ considerably in the way 
they influence the hydrolysis,**? the potassium compound giving much 
less satisfactory results in the alkylation of phenols because it acceler- 
ates the hydrolysis side reaction to a much greater extent. Since so- 
dium and potassium chlorides have about the same effect upon the rate 
of hydrolysis,*** causing a slight decrease, the difference in the two 
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bases can hardly be due to potassium-ion catalysis. The general effect 
of other salts is also to decrease the hydrolysis, probably by decreas- 
ing the solubility of the ester in water, since only heterogeneous sys- 
tems were studied. 

Methy! sulfate has been extensively employed as an alkylating agent 
both in industry and in the laboratory. The only difficulty in its use 
arises from its highly poisonous nature. This is believed *** to be 
caused by the hydrolysis products methanol and methyl! hydrogen sul- 
fate. The eyes are particularly susceptible. However, because of low 
volatility, with a few precautions it can be handled safely. 

The reaction of methyl sulfate with ammonia was first reported by 
Dumas and Peligot *** and studied more adequately by Claésson and 
Lundvall.#55 Unless methyl! sulfate is diluted with an inert solvent 
such as ether or benzene it reacts almost explosively with ammonia. 
The products depend upon which of the reactants is in excess, addition 
of methyl sulfate slowly to a saturated solution of ammonia in ether 
through which ammonia is passing apparently giving only methyla- 
mine, an excess of the ester forming tetramethylammonium methyl 
sulfate and ammonium methy] sulfate. Excess methy] sulfate with 
ethylamine gives a mixture of bases which were not separated, and 
diethylamine forms both possible products. 

The reaction of aniline with methy! sulfate was first studied by 
Babo,?** who reported methylaniline as the chief product. In ether so- 
lution a precipitate of phenylammonium methy! sulfate forms,®*’ leav- 
ing methylaniline in solution. This mechanism was later *°* said to be 


2CeHsNH2 + (CH3)2804 — CeHsNH3sCH3804 + CoHsNHCHs3 


incorrect, but the criticism was based upon a misinterpretation °* of 
some color tests for the various amines in the reaction mixture. If an 
excess of methy! sulfate is used all three of the possible products are 
formed. 

The methylation of a considerable number of aromatic amines has 
been investigated including o- and p-toluidine,3®* o-aminobenzalde- 
hyde,®*! mesidine,®® and others.*®* The preparation of N-dimethyl-g- 
phenylethylamine by methylation of @-phenylethylamine in methanol 
solution in the presence of sodium methoxide °* is of interest as this 
amine could not be obtained by the usual methylation methods involv- 
ing either methyl iodide or methy] sulfate. 8-(p-Nitrophenyl) ethyl- 
amine, however, could not be alkylated in this manner. 

A very large number of quaternary ammonium compounds have 
been prepared by the action of methyl sulfate upon various tertiary 
bases.5*¢ 860,864 Occasionally 9*° reaction occurs where methyl! iodide 
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does not form the quaternary compound readily or at all. This is also 
true for the weakly basic diphenylamine * and diphenylmethylamine. 
By hedting the amines and methy] sulfate together in alkaline solution 
only methylation occurs, but in the absence of this, sulfonation **7 of 
one of the rings also results. This unusual reaction has been formu- 
lated as follows. 


(CoHs)2NH + (CHs)2S04 — [CH3N(CgHs)2- CH3HSO,4] — 
(CH3)2N (CeHs)2-HSO4 — CH3aN(CeHs)CeHsSO3H + CH30H 


In addition to the methanol, methyl ether was also formed owing no 
doubt to the reaction of methanol with the methyl sulfate, a reaction 
discussed later in this chapter. 


CH30H + (CH3)2804 — (CH3)20 + CH3HSO4 


The literature contains other examples of the reaction of methyl] 
sulfate with various amines, but it is believed that the reactions al- 
ready discussed are representative. 

The reaction of methyl sulfate with phenol °* proceeds slowly at 
100-120° with the evolution of methyl ether and the formation of 
anisole and sulfonation products. Equations representing the probable 
reactions are as follows. 


CeHsOH + (CHs)2804 — CgsHs0CH3 + CH3sHSO,4 
CeH;OH + CHsHSO4 — HOC.sH4SO3CH3 + H2O0 
(CH3)2804 + H2O — CH30H -+- CHsHSO, 
CH30H + (CH3)2504 — (CH3)20 + CH3HSO4 
CH3HS8O,4 + Cefis0CH3 + CH30CeH4803CH3 -- H20 
CH30C,.H4SO3CH3 + H20 — CH30CeH4SO3sH + CH30H, etc. 


The reaction which gives anisole also occurs in ether solution,®® but 
in water or alcohol the reaction of the methy] sulfate with the solvent 
greatly predominates. 

The methylation of phenol in aqueous alkaline solution was appar- 
ently first investigated by Ullmann.?7° It was shown by Graebe §7? 
that by longer heating of the reaction mixture both methyl groups 
could be utilized.’72_ The best results in this reaction are obtained in 
the presence of very little water, as by adding the methy] sulfate to a 
mixture of molten phenol and sodium hydroxide at 45-60°, which com- 
pletes the first stage of the reaction; ***-878 heating the reaction mixture 
at 100-105° for an hour utilizes the second methyl] group, a 95% yield 
of anisole being consistently obtainable. 
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A large number of complex phenols have been methylated success- 
fully *7* in aqueous or alcoholic-alkaline solution. If strong alkali is 
harmful a sodium bicarbonate solution may be employed. A thor- 
ough study has been made *7* of the methylation of phenolic com- 
pounds in xylene. It was found that phenol and its homologs are not 
alkylated by methyl sulfate in the presence of potassium carbonate 
whereas nitrophenols are more readily alkylated this way than in 
aqueous solution. Halogenated phenols give intermediate results. An 
electronic interpretation of these results was given. It would be of 
interest to know whether the more acidic phenols which were methy!- 
ated decompose potassium carbonate under the conditions of the ex- 
periments, thus forming the more easily alkylated potassium salts. 
Attempts to methylate 2-hydroxy-5-nitrobenzoic acid and 2-hydroxy- 
3-sulfobenzoic acid by this procedure *”7 gave negative results even 
when the reaction mixtures were heated for two months. 

Thiophenol and its substitution products are very readily alkyl- 
ated °78 in alkaline solution with methyl! sulfate at room temperatures. 
The corresponding sulfonium compounds may result as by-products, 
but they decompose upon distillation with alkali to give the sulfides. 
The sulfonium compounds result in good yields from the lead salts of 
thiophenols and methyl] sulfate.7° Methyl sulfate adds to dimethyl- 
pyrone #*° upon warming to give an oxonium salt. 


at [OSO3CHs]- 


C—CHs CHs 
| + (CH3)2804 > | | 
CH HC 


I 
O O 
Methy! sulfate reacts with organic acids such as acetic acid,®* 


methyl acetate resulting in 80-100% yields when the reaction mixture 
is heated to 120°. At 200° the second methy! group also reacts. 


CH3COOH + (CH3)2804 — CH3sCOOCH3 + CH3HSO. 


It was first noted by Dumas and Peligot **? that potassium benzoate 
and formate when heated with methyl sulfate are readily converted 
into the methy] ésters. 


CeHsCOOK + (CH3)280. — CsHsCOOCH3 + CH3KSO« 
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The reaction also occurs readily in aqueous solution ®%* or in an or- 
ganic solvent ** even with acids not readily esterified by the usual 
methods. For example, the methyl esters of sulfonic acids *® can be 
made by heating their sodium salts with methyl sulfate. The conver- 
sion of the salt to the ester can always be made practically complete 
by using an excess of methyl] sulfate. 

The methylation of amino acids leads to varying results.2°° Aspartic 
acid loses trimethylamine, leaving fumaric acid. The others for the 
most part form quaternary compounds, either betaines or esters of the 
quaternary ammonium salts. Alkylation with ethyl sulfate is much 
less complete than with methyl sulfate. The reactions were carried 
out in potassium hydroxide solution. 

By the action of methyl sulfate upon dry salicylic acid a complex 
series of reactions occurs **? including methylation and sulfonation. 
The following three products were identified. 


OH OH OCHs 
COOCH3 COOCH3 COOCH3 
SO;H S03CHs3 SO3H 


Because of rapid sulfonation only traces of methyl] salicylate were 
present at the end of the reaction. 

At a temperature of not over 100° amides and thioamides of car- 
boxylic acids react with methyl sulfate **** to give good yields of the 
methyl hydrogen sulfate salts of imino esters. 


JOH 
CeHsCON He + (CH3) 2804 =_ CoHsCq 
NH-HOSOsCH3 


It is possible that these products would be of value in preparing ortho 
esters. Methyl] sulfate reacts with the sodium salt of acetanilide in 
benzene solution to give a 95% yield of acetmethylanilide.*8* At 112° 
urea reacts vigorously *** with methyl sulfate to form methylisourea. 


NH2CONH2 + (CH3)2504 — NH==C(OCH3)NH2- HOSO3sCH3 


Substituted ureas behave similarly. 

It has already been mentioned (see p. 51) that methanol reacts 
with methyl sulfate readily. The reaction has been studied from the 
kinetic standpoint *° with methyl and ethyl alcohols, the former re- 
acting 3 to 4 times the faster at 25°. A solution of sodium hydroxide 
in methanol when treated with methyl sulfate ** gives nearly the 
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theoretical amount of methyl ether, while an alcoholic solution of 
potassium hydroxide is said **? to give chiefly methanol. Heating a 
mixture of dry magnesium methoxide with methyl sulfate gives methyl 


(CH3)2804 + KOH — CH3KSO,4 + CH30H 
ether according to the following equation.2” 


2(CHs) 2804 + Mg(OCHs)2 = 2(CHs3)20 + Mg(CH380a)e 


In a quantitative investigation of the reaction of methyl sulfate 
with an alkoxymagnesium bromide it was found * that the bromide 
part of the molecule reacted first. 


2ROMgBr + (CH3)2804 — (RO)2Mg + 2CHsBr + Mg(CH380«)2 
It was suggested that the mechanism for this reaction involves mag- 


2ROMgBr — (RO)2Mg + MgBro 5 2CHsBr 
nesium bromide. The reaction of magnesium alkoxides with methyl 
sulfate occurs much more slowly than the reaction with the bromide. 

If ethylene chlorohydrin and methyl! sulfate are heated together at 
140-165° the ether is formed.*** In this instance it is obviously not 
possible to methylate in alkaline solution. 

Methy] sulfate has frequently been used in the conversion of carbo- 
hydrates into their methyl ethers. This reaction was first #** applied 
to the simple sugars, then to the disaccharides,®® and finally to the 
high-molecular-weight compounds such as inulin.*** In some instances 
silver oxide and methyl! iodide give more complete methylation than 
methyl] sulfate, but the cheapness of methyl! sulfate and its reactivity 
in aqueous solution make its use desirable wherever possible. In a 
more recently *°® developed alkylation method the potassium or sodium 
salt of the sugar is prepared in liquid ammonia solution, and this is 
treated with methyl iodide; methyl sulfate could very probably be 
substituted if the methylation were performed in an inert solvent, but 
not in liquid ammonia as the ammonia reacts with methyl sulfate 
vigorously. 

The sodium salts of ethyl acetoacetate and ethyl malonate are read- 
ily alkylated,*°° one methyl! group of the methyl] sulfate reacting. The 
resulting compounds can be further *°t methylated at 60-70° in meth- 


CH3COCHNaCOOC2Hs + (CH3)2804 > 
CHsCOCH (CH3)COOC2Hs -+- CHsNaSO,4 
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anol solution. Methylphenylpyrazolone similarly treated gives the 
5-methy] ether (I) whereas in water solution with sodium hydroxide 
an 80% yicld of the N-methyl compound, antipyrene (II), results. 


ic eae ie Agee ee 
ee ye saa NCH3 
N N 
CeHs CeHs 
I II 


Neither phosphoric acid nor sodium dihydrogen phosphate reacts 
with methy] sulfate in aqueous solution.*’? Equimolecular quantities 
of trisodium phosphate and methy] sulfate at room temperature give 
789% of methyl disodium phosphate, 6% of dimethyl sodium phosphate, 
and about 10% of the methy] sulfate undergoes hydrolysis. With di- 
sodium phosphate under similar conditions the yields of methyl phos- 
phates are lower, 33% of the methy] sulfate hydrolyzing. Alkylation 
with ethyl sulfate proceeded much more slowly than with the methy] 
homolog. The yicld of methyl disodium phosphate is somewhat 
greater with methyl] sulfate than with methyl iodide. 

The preparations of methyl! cyanide,‘ methy] thiocyanate,* nitro- 
methane,‘ and methy! isocyanate *° are conveniently carried out by 
reaction of methyl sulfate with the potassium salts of the respective 
radicals. 

Sodium hydrosulfite *°® when heated for a minute at 70° with 
methyl sulfate forms sodium methy] thiosulfate, the production of this 
being explained as follows. 


2Na2Se04 —_ Na2S203 + NaeSe05 
Na28203 + (CH3)2804 => CH3—S—SO3Na + CH3NaS0O4 


Longer heating gave an oily mixture containing methy] sulfide and 
methyl disulfide. It had previously *°’ been observed that alkyl! thio- 
sulfates are decomposed into disulfides when heated. Reduction of 
methy] disulfide by the sodium hydrosulfite was suggested as the 
source of the methyl] sulfide. At a high temperature a small amount 
of methy! sulfone was also produced. 

Heating methy] sulfate with dry sodium chloride *8-4°8¢ gives a mix- 
ture of methy! chloride and methyl] ether in the ratio indicated by the 
following equations. 


(CH3)2804 + NaCl — CH3Cl + CH3NaSO4 
2CH3NaS0O4 — (CH3)20 + NaeSe07 


58 ESTERS OF SULFURIC ACID 


The methyl! chloride is evolved mostly below 200° and the ether above 
this temperature. Dry aluminum chloride reacts at room tempera- 
ture.4°%> Methyl sulfate reacts with a saturated aqueous solution *° 
of sodium chloride at 60-65° to give a high yield of methyl] chloride. 
A solution of sodium bromide slightly acidified with sulfuric acid re- 
acts readily at 30-35° to give methyl bromide in 90% yields. With 
concentrated hydrochloric acid, methyl chloride is evolved at 50°, and 
hydrobromic acid behaves similarly. These reactions are of possible 
value in the laboratory preparation of small quantities of the methyl 
halides. Magnesium bromide and iodide react readily with methyl! 
sulfate in boiling ether solution.®?8 


MgXoe + 2(CH3)2804 _ 2CH3X + Mg(CH380,)e 


The reaction between stannic chloride and methy! sulfate has been 
recommended ‘?” as a convenient method for preparing stannic sulfate. 
The reaction occurs in two stages, the second requiring a temperature 
of 200°. 


2(CH3)2804 + SnCla — 2CH3Cl + SnCle(CHs8Oa)2 
SnCl2(CH3804)2 — Sn(SO4)2 + 2CHsCl 


When methy! sulfate is heated in contact with potassium sulfate 41! 
at 200° rapid decomposition ensues with evolution of methyl ether. 
Sodium and lithium sulfates are much less effective in causing this 


(CH3)2804 + K2S0O4 — (CH3)20 + K2S207 


reaction, and barium sulfate is inert. 
Although barium and calcium hydroxides *** readily react with 
methyl sulfate the corresponding oxides are inert. 


Ca(OH)2 + 2(CH3)2804 — Ca(CHsS0Oa)2 + 2CH30H 
The oxides and carbonates of the heavy metals react as shown below. 


(CH3)2504 + CuzO — Cuz804 + (CH3)20 
PbCOs + (CH3)2504 — PbSOs + CO2 + (CH3)20 


Heating a mixture of methyl sulfate and dry potassium ferrocy- 
anide *?? gives a complex mixture of products from which tetramethyl] 
ferrocyanide was obtained. 

An aqueous solution of potassium sulfite reacts rapidly at 80-90° 
with methyl! sulfate 4? with formation of potassium methanesulfonate 
in 21-27% yields. The reaction product was isolated as the sulfonyl 
chloride. 


(CH3)2804 + K2SO3 — CH3SO3K + CHsKSO« 
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Acetyl chloride reacts with methyl sulfate in the presence of zinc 
chloride *** at 140-160° to give a 20-25% yield of methyl acetoxy- 
methanesulfonate. 


CH3COCI + (CH3)2804 — CHsCOOCH28S03CH3 + HCI 


Chlorosulfonic acid and methyl] sulfate react to form a 70% yield 
of methyl chjorosulfonate.*?® 


(CHs)2804 + CISO3;H — CH30S02Cl + CHsHSO. 


This change proceeds very slowly at room temperature, a 25% yield 
of methyl chlorosulfonate forming in 108 hours. 

As might be expected from its behavior in other alkylations the re- 
activity of methyl sulfate toward Grignard reagents is greater than 
that of the methyl halides. In general, one mole of the Grignard re- 
agent requires two moles of methy] sulfate for complete reaction. This 
can best be explained by assuming the magnesium complex to consist 
of the following equilibrium mixture.‘?® 


2RMgX = RoMg-MgX2 = ReMg + MgXo2 


All these components may take part in the reaction as indicated 
below; the net result is the formation of the hydrocarbon and the 
methyl halide. 


RMgX + (CH3)2S04 > RCH3 + CH30SO3MgX 
ReMg + 2(CH3)2804 — 2RCHs + (CHsS04)2Mg 
RMgX + (CHs)2804 > CH3X + CHsMg0S0;CHs 
2CHsMgOS03CHs — (CHs)2Mg + (CHsS04)2Mg 
MgX2 + 2(CH3)2804 > 2CHsX + (CH3804)2Me 
RoMg-MgX2 + 2(CHs)2S04 > ReaMg + 2CHsX + (CHs804)2Mg 
RoMg-MgX2 + 2(CH3)2804 — 2RCH3 + MgX2 + (CH380x)2Mg 


When only one mole of methy] sulfate is added per mole of Grignard 
reagent, the relative amounts of hydrocarbon and methyl halide 
formed depend upon the nature of the Grignard complex. Thus, phen- 
ylmagnesium bromide gives a 31% yield of toluene,*?” and p-tolylmag- 
nesium bromide a 74% yield of p-xylene. The yield of toluene be- 
comes much higher when two moles of methyl sulfate are used.*1*-41® 
Likewise, the Grignard reagent from bromomesitylene *?° with over 
two moles of methyl sulfate gives a high yield of 1,2,3,5-tetramethyl- 
benzene. No results are available for the action of one mole of methyl 
sulfate here. The action of methyl sulfate upon the Grignard reagent 
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from 2-bromotetralin has been utilized in making the corresponding 
methyl compound.*?# 

The results of a recent careful quantitative study of the reaction +2? 
of methyl] sulfate with various ary] Grignard reagents are summarized 
in Table VII. Here one mole of methyl] sulfate was used per mole of 
basic magnesium in the Grignard solution. The amount of halogen 
present was slightly (10%) higher than the basic magnesium. 


TABLE VII 
METHYL SULFATE AND GRIGNARD REAGENTS 
RMgOS- | CH;O8S- Mg- 
Mg Compound — | CHsX) AreMg/ ArMeX | 9 Oc H, | O2MeX | (CHsSO«)2 
% % % or 
% % 70 
CeHsMgBr 60.1 | 20.9 37.3 4.7 5.9 88.8 
2,4-(CH3)2CeH3MgBr 50.2 0 38.4 9.3 14.2 74.8 
2,4,6-(CH3)sCeHaMgBr | 53.0 0 32.2 18.8 22.6 58.5 
CeHsMgl 85.2 | 45 11.3 21.9 2.0 72.0 
2,4-(CH3)2CeHaMegl 91.0 | 26.8 14.6 30.0 2.7 79.6 


The information concerning the action of methyl sulfate with non- 
aromatic Grignard reagents is incomplete and somewhat contradictory. 
Houben *?° reports the absence of methyl iodide in the reaction mix- 
ture obtained from methylmagnesium iodide and believed that ethane 
was formed. 


(CH3)2S04 + CHsMglI ed CHs30SOzMglI + CeoHs 


A 75% yield of tetramethylmethane (neopentane) has been re- 
ported #* to result from the action of ¢-butylmagnesium iodide and 
methyl sulfate, but a recent attempt to duplicate this reaction gave 
no more than a trace of the hydrocarbon.*#® The preparation of iso- 
hexane from isoamylmagnesium bromide has been mentioned,‘** but 
no details were supplied. From benzylmagnesium chloride and methyl 
sulfate a 21% yield of ethylbenzene results, on the basis of the benzyl 
chloride consumed. Undoubtedly this could be improved by more 
modern technique. 

The Grignard reagent of an alkylacetylene can be alkylated by 
methyl sulfate.t?7¢ 


RC=CMgX + 2(CH3)2804 — RC==CCH3 + CHsX + Mg(CH3S8O.)e 
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It may be expected that the metallodrganic compounds of all the 
more active metals will react with methyl sulfate. It has been shown 
that the 4,6-disodium derivative of dibenzofuran 4??® gives the methyl- 
dibenzofuran. 

Benzene reacts with methy] sulfate in the presence of aluminum 
chloride to give as much as 60% of the theory of toluene.*#8* Biphenyl 
reacts similarly.t78® An experiment in which the benzene was absent 
indicated that methy! chloride was not an intermediate in the reaction. 


3(CH3)2804 + 6CgH, + AICls — 6CsH3;CH3 + 6HCl + Ale(SO4)s3 


Heating 1,1-diphenylethylene with methyl sulfate results in the 
formation of polymers.*?”¢ 

Halogen Derivatives of Methyl Sulfate. Two halogen derivatives 
of methyl] sulfate are known. Sulfur trioxide reacts with chloromethyl] 
methyl ether *** at a low temperature to give a mixture of products 
from which was separated a 27% yield of the ester. The same com- 


CH2CIOCH3 + SO3 — CH2Cl(CH3)SO« 


pound results from the photochemical chlorination of methyl! sulfate.*®° 
Hydrolysis with water occurs slowly at ordinary temperature; formal- 
dehyde is one of the products. 


CH2Cl(CH3)SO4 + H2O —> HCHO + HCl + CH3HSO4 


The reaction of chloromethyl methyl sulfate with amino com- 
pounds **! is of considerable interest. In general the products are sim- 
ilar to those obtained by the action of formaldehyde upon the same 
compounds; anthranilic acid forms a methylene derivative. 


NHe COOH 
+ CH30803CH2Cl — + 
COOH IN H2[SO4CHs3]~ > 
CH2Cl 
COOH 


+ HCl 
IN==CH2-HSO«CH3 


Secondary amines behave as follows. 


RNHCH; + CICH20S03CH3 — [RN (CHs3)]2CH2z-HCl-CH3H80«4 


Ammonia reacts to form hexamethylenetetramine.**? Cellulose in al- 
kaline solution gives a mixture of methylenated methyl ethers of cellu- 
lose.*8° 
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Chloromethy] sulfate has been obtained *** by treating formaldehyde 
with chlorosulfonic acid at a temperature below 70°; the yield is 100 g. 
from 100 g. of paraformaldehyde. 


2HCHO + 2CiSOsH — (ClCH2)2804 + H2S04 


Chloromethy! ether reacts at 60-75° with chlorosulfonic acid to give 
a little of the same compound mixed with chloromethyl] chlorosulfo- 
nate. Attempts to obtain chloromethyl sulfate from the ether and 


(CICH2)20 + CISO3H — (ClCH2)2804 + HCl 


sulfur trioxide were at first unsuccessful,**? but more recently ** a 31% 
yield of product was obtained by heating the reactants in an autoclave 
at 180° for 50 minutes. The properties reported were b.p. 103-105/ 
12-13 mm., and d’? 1.634, n¥¥ 1.4530. Previously it had been described 
as an oily liquid which distils at 96-97°/14 mm. and has the density 
1.60. It is a sweet-tasting, odorless, non-toxic compound, with strong 
bactericidal properties. However, because of the strong acids formed 
by hydrolysis, it can hardly be considered valuable from this stand- 
point. 

Upon distillation with chlorosulfonie acid, it is converted into chloro- 
methy] chlorosulfonate or methylene sulfate, depending upon the ratio 
of chlorosulfonic acid to ester. 


(CICH2)2804 + 2CISOsH — 2CICH20SO02Cl + H2S0,4(?) 
CICH20S02CI + CISO3H — CH2SO«4 + (?) 


Chloromethy] sulfate reacts with cellulose **°? in the presence of aque- 
ous alkali to give a definite cellulose methylene ether of the composi- 
tion CsH702(OH) (O2CHz2). 


Eruyt, Propyt, AND Butyi SULFATES 


Preparation of Ethyl Sulfate. Ethy] sulfate has been prepared in 
many ways, most of which are of only minor importance as a source of 
this reagent. Small yields are obtained from the action of fuming 
sulfuric acid or sulfur trioxide upon ether or ethyl] alcohol,*®* from 
sulfuryl chloride or ethyl] chlorosulfonate and ethy!] alcohol or sodium 
ethoxide,*** and by the distillation of ethyl hydrogen sulfate slowly 
in a vacuum.*?? The yield is somewhat better if the ethyl hydrogen 
sulfate is distilled over anhydrous sodium sulfate.#* Heating ethyl 
alcohol with sodium pyrosulfate *** followed by vacuum distillation 
also yields some ethy] sulfate. Ethyl] iodide and silver sulfate at 150° 
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NaeSe07 + C2Hs0H _ CeHsHSO, + NaeSO. 
2C2HsHSO,4 — (CoHs)2804 + H2SO4 
He80,4 + NaeSO. ed 2NaHS0O.4 


give a fair yield of the ester. Distillation of a mixture of barium ethyl 
sulfate and ammonium sulfate +*° in an attempt to prepare ethylamine 
gave ethyl sulfate as the chief product. This result indicates that the 
decomposition of barium ethyl sulfate would occur smoothly, but this 


Ba(C2HsSO4)2 — BaSOz + (C2Hs)2SO4 


has apparently not been investigated. Possibly the strontium salt 
would decompose even more readily, like the methyl ester. 

The reaction which has made ethyl sulfate the cheapest of the alkyl 
sulfates is the addition of ethylene to sulfuric acid. The various fac- 
tors which influence this reaction have been carefully investigated ** 
and most of them have already been considered in connection with 
ethyl hydrogen sulfate. The ethyl sulfate may be removed from the 
reaction zone by entrainment with excess ethylene *4? at 100°, the 
ethyl sulfate condensed, and the ethylene returned to the reaction 
mixture. It is also possible to carry the reversible absorption of the 


CoH, + CoHsHSO, = (CoHs) 2804 


ethylene to completion by the use of moderate pressure (several at- 
mospheres) ,**? and this is probably the simplest way of obtaining the 
ester at present. By the use of high pressures, coke-oven gases con- 
taining only a few per cent of ethylene can be used satisfactorily. The 
sulfuric acid may contain carbonaceous impurities,*** separation of 
the ester resulting by adding water and a volatile oxygen-containing 
solvent. 

It is claimed that ethyl sulfate may be made in good yields by the 
action of fuming sulfuric acid or sulfur trioxide upon ethyl! alcohol ** 
in the presence of a dehydrating agent such as phosphorus pentoxide, 
but this requires verification as under these conditions the ethyl group 
is ordinarily further sulfonated to ethionic acid. 

A number of interesting reactions in which ethyl sulfate is one of 
the products have been discovered by Levaillant.*4® Ethyl] chlorosul- 
fonate and ethyl carbonate react at 110° in the presence of zine chlor- 
ide to give a 75% yield of ethyl sulfate. The corresponding reaction 
between sulfuryl chloride and the carbonate does not give an appre- 
ciable yield of the alkyl] sulfate.¢* Ethyl chlorosulfonate reacts with 


C2Hs0S02Cl + (C2Hs)2CO3z — (C2Hs)2804 + CeHsCl + CO2 
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ethyl sulfite at 130-140° to produce ethyl] sulfate. The ethyl chloro- 
sulfonate may be prepared in the reaction mixture by addition of 
sulfuryl chloride to the sulfite.*#* 


(C2Hs)2803 + SO2Clz + C2Hs0802Cl + C2HsCl + SO2 
(C2Hs)2803 + C2Hs0802Cl > (C2Hs5)2804 + C2Hs5Cl + 802 


Ethyl chlorosulfonate also reacts with ethyl orthoformate with the 
formation of ethyl sulfate.**® 


CeHsO0S02Cl + (C2H50)3CH — (CeHs)2804 + CoHsCl + HCOOC2Hs 


’ Ethyl chloroformate reacts with either methyl or ethyl hydrogen 
sulfate to give a 40% yield of ethy] sulfate. 


CeHsHSO4. + CICOOC2Hs — (C2Hs)2804 + HCl + CO2 


Properties of Ethyl Sulfate. In contrast to the methyl ester, ethy] 
sulfate is described **? as non-toxic and non-corrosive. It is also prac- 
tically non-flammable. One of the ethyl groups is readily hydrolyzed 


(C2H5)2804 + H20 — C2H50H + C2HsHSO. 


by warm water. In excess ethyl alcohol at 57° the analogous reaction 
resulting in ether formation occurs readily.*°® The first ethyl group 
at this temperature reacts some 10,000 times as fast as the ethyl group 
in ethyl hydrogen sulfate. This latter reaction is presumably the one 


(C2Hs)2804 + CoH50H — (C2Hs)20 + CoHsHSOa 
C2HsHSO4 + C2Hs0H — (C2Hs)20 + H2S04 


which occurs in the conversion of ethyl alcohol into ether by sulfuric 
acid at a much higher temperature. A detailed kinetic study of the 
reaction of ethyl sulfate with methyl, ethyl, and n-propyl alcohols 
was also described by Kremann **° the rates following closely the 
monomolecular reaction equation when the alcohol was used in large 
excess. The reaction with methyl alcohol is somewhat more rapid 
than with the higher homologs. 

In general in ethylation reactions one ethyl group reacts rapidly °° 
at 50-55° (about 30° for methyl] sulfate) but in order to utilize the 
other a temperature of 145° is necessary. This generalization is sub- 
ject to exception, however, as may be noted by referring to ethyl hy- 
drogen sulfate. 

Ethyl sulfate reacts rapidly with alcoholic potassium hydroxide at 
70-80°, with formation of a 50% yield of ethyl ether.*#® Presumably 
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the remainder of the ethyl sulfate was hydrolyzed to ethyl alcohol as 
practically the theoretical amount of ethyl potassium sulfate was ob- 
tained. 

Alkali halides react with ethyl sulfate to form the corresponding 
ethy] halides.‘4° Hydrogen chloride reacts at 140° to give ethy] chlor- 
ide.*** Sodium sulfide and sodium hydrogen sulfide give ethyl sulfide 
and ethanethiol respectively. Ethylaniline, diethylaniline, ethylamine, 
and diethylaminc are also readily obtainable, one of the alkyl groups 
of the ethy] sulfate reacting in each case with the amine or ammonia. 

The preparation of nitroethane and of ethyl cyanide have been de- 
scribed by Walden,*™ reaction between the ethy] sulfate and potassium 
nitrite or cyanide occurring readily in aqueous solution. Ethyl iso- 
cyanate may be obtained in 95% yields by * heating ethyl sulfate 
with the dry potassium salt. 

With a variety of aryl Grignard reagents ethyl sulfate gives fair 
yields of the hydrocarbon,*®? whereas with aliphatic magnesium com- 
pounds only alkyl] halides result in appreciable yields except from 
acetylene magnesium derivatives.‘?’ 


RMgX +(C2Hs)2804 — RMgOSO3C2Hs+CoHsX 

2RMgOSOsC2Hs — (R)eMg+Mg(CeHsS04)e 

RMgX-+(C2Hs)2S04 — RC2H5+Ce2Hs0SOsMgX 
RC==CMgX + 2(C2Hs)2S04 — RC==CC2Hs+CoHsX+Meg(CH380,)2 


Ethy] sulfate reacts with hydrogen peroxide in the presence of some 
potassium hydroxide (potassium peroxide no doubt formed) to give a 
satisfactory yield of ethyl peroxide.*®* 

In the ethylation of amino acids #** only glycine could be converted 
into a betaine-like derivative. The reactions were carried out in aque- 
ous alkali with slight warming of the reaction mixture. 

Ethy] sulfate decomposes slowly at its boiling point, 208°/760 mm. 
When heated to 300° with sodium sulfate, ethylene and sodium hydro- 
gen sulfate are the chief products.*** 

A mixed salt of a sulfinic acid obtained by the reduction of benzene- 
sulfonyl chloride by magnesium in ether does not react with ethyl 
sulfate.“°> This may be because of the insolubility of the magnesium 
benzenesulfinate chloride in the ether, and it is likely that the reaction 
would proceed readily in aqueous solution. 

Ethyl sulfate reacts readily with benzene in the presence of alumi- 
num chloride to give ethylbenzene in 71% yield.*## 
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p-Chloroethy] Sulfate. The only well-characterized halogen deriva- 
tive of ethyl sulfate is that derived from ethylene chlorohydrin. It 
has been prepared by the action of sulfuryl chloride upon the al- 
cohol *8® and upon f-chloroethyl nitrite.**? It is also formed in good 
yields by the action of £-chloroethy! chlorosulfonate upon f-chloro- 
ethyl sulfite“* The relative yields obtained by these methods are 


CICH2CH20S802Cl + (CICH2CH2)2803 
(CICH2CH2)2804 + CoHaCle + 802 


apparently not known, but the last reaction probably gives the best 
results. A reaction of more promise from the commercial standpoint 
is that of sulfur trioxide with 8-chloroethyl ether.“*® This ether dis- 
solves sulfur trioxide readily at room temperature with little evidence 
of reaction, but distillation of the solution gives an 85-90% yield of 
the sulfate. This may be looked upon as a rearrangement which oc- 
curs as follows. 


R20 + SOs — R2OSO3 — (RO)2802 


The action of oleum upon ethylene chloride gives a mixture of products 
of which one is 8-chloroethyl sulfate.**® The mechanism of this re- 
action is not clear. The physical properties of 8-chloroethy] sulfate 
are listed in Table IX. 

The hydrolysis of 8-chloroethyl sulfate with boiling water gives 
chiefly ethylene chlorohydrin,*** the hydrolysis of the chlorine being 
slight. With concentrated hydrochloric acid ethylene chloride results, 
but the dry gas does not react appreciably at any temperature up to 
the decomposition point of the sulfate. The reaction of the ester with 
n-butyl alcohol gives a complex mixture from which only ethylene 
chlorohydrin and @-chloroethyl ether were isolated. 

The reaction of the chloroethy] sulfate with acetic acid is slow, but 
with sodium acetate in acetic acid 8-chloroethy] acetate formation is 
practically complete in an hour at the boiling point of the solution. 
Dry sodium benzoate reacts slowly. The reaction with the Grignard 
reagent is comparable to that of ethyl sulfate. @-Phenylethyl chloride 
and y-phenylpropy! chloride were obtained from phenyl- and benzyl- 
magnesium halides. 

The only reaction in which the chlorine as well as the sulfate part 
of the molecule became involved was that with ethyl sodiomalonate. 
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Here a complex mixture resulted from which no pure compound was 
isolated. 

n-Propyl Sulfate. m-Propyl sulfate has been prepared in many 
ways. It was obtained by Nef ** from n-propyl iodide and silver sul- 
fate in 63% yield and in lower yield from n-propyl chlorosulfonate 
and sodium n-propoxide. It results from the action of sulfuryl chlor- 
ide upon sodium n-propoxide ** in poor yield. Levaillant **’ has ob- 


n-C3H7OS0O2Cl + n-C3H70Na — (n-C3H7)2804 + NaCl 
SOe2Cle + 2n-C3H7ONa — (n-C3H7) 2804 + 2NaCl 


tained it from the reaction of n-propyl nitrite with n-propyl chloro- 
sulfonate, by the oxidation of n-propy] sulfite with potassium perman- 
ganate,*®? and from the action of n-propyl chlorosulfonate upon 
n-propyl sulfite or n-propy! orthoformate.*® Recently it has been ob- 


n-C3H70S802Cl ++ (n-C3H7)2803 —— (n-C3H7)2804 + n-C3H7Cl ++ SO. 
n-C3H70S02Cl + (n-C3H70)3CH — 
(n-C3H7)2804 + n-C3H7Cl + HCOOC3H7 


tained also from cyclopropane and sulfuric acid.3*4 


2C3He6 ++ H2S04 — (n-C3H7) 2904 


n-Propyl sulfate reacts violently with alcoholic potassium hydroxide 
to give ethyl n-propyl ether.*° With sodium phenoxide a 66% yield 
of phenyl n-propyl ether has been obtained.**) **? Upon heating, de- 
composition occurs *°° at 170° with evolution of a 38% yield of pro- 
pylene, some sulfur dioxide, and other products. It reacts with alka- 
line peroxides *** to form an unstable n-propyl hydrogen peroxide that 
was isolated as the barium salt. Sodium acetylide **: gives n-propyl- 
acetylene. 

y-Chloro-n-propy] sulfate has been prepared by the action of 
y-chloropropy! chlorosulfonate upon the sulfite. The chemical prop- 
erties of this ester have not been investigated. 

Isopropyl Sulfate. Isopropyl] sulfate is easily obtained by the action 
of propylene upon 98% sulfuric acid at a low temperature,*?" *® ab- 
sorption taking place much more rapidly than with ethylene. It has 
also been made from the reaction of sulfuryl chloride with isopropyl 
alcohol **? or sodium isopropoxide 4#%- 44,466 in 25 to 30% yields. The 
use of the alcohol seems preferable as the yield is at least as good as 
with the sodium compound. However with cheap propylene available 
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the first reaction mentioned becomes the most practical source of the 
ester. It may be added that Nef *® was unable to prepare isopropyl 
sulfate by the action of isopropyl iodide upon silver sulfate. 

The instability of isopropyl sulfate first *** *®* reported was because 
of the presence of a trace of acid.4**6? When free of this it can be 
distilled. 

Hydrolysis of isopropyl and other sec-alky] sulfates is facilitated by 
the addition of methanol to give a homogeneous mixture.**° Alcohol- 
ysis with isopropyl alcohol occurs readily.*°/ By treating sodium 
phenoxide with isopropyl sulfate a 47% yield of the ether has been 
obtained.*#3}462, By reaction with alkaline hydrogen peroxide solution 
a 50% yield of isopropyl hydrogen peroxide was obtained.*** With 
p-tolylmagnesium bromide *** only a 10% yield of p-cymene resulted. 
The reaction with benzene in the presence of aluminum chloride gives 
isopropylbenzene.*?® The reaction with sodium acetylide in liquid 
ammonia gives isopropylacetylence.3?* 

Butyl Sulfates. n-Butyl sulfate has been prepared by Levaillant °° 
by the action of n-butyl chlorosulfonate upon n-butyl] orthoformate in 
55% yields and from n-butyl] sulfite in 70% yields. It has also re- 
eently been obtained in 90% yields from sulfury] chloride and n-butyl 
sulfite **7 and in 55% yield by oxidation of n-butyl sulfite with potas- 
sium permanganate *** in glacial acetic acid solution. 

Because of its insolubility in water, alkylating reactions such as the 
formation of n-butyl cyanide, n-butyl phenyl ether, and n-butyl- 
aniline are better carried out in a mixture of water and alcohol than 
in aqueous solution.*®” 

The reaction of n-butyl sulfate with some typical Grignard reagents 
has been studied in some detail. With an equimolecular quantity of 
n-butylmagnesium bromide reaction occurs only with the magnesium 
bromide linkage of the Grignard reagent. This may be formulated in 
two ways, both of which are probably correct if the theory *® of the 


I. (n-CaH9)2804-+-n-Cas4HoMgBr — n-CaHoBr-+n-CaHypMgOSO3CsHo-n 
2n-C4H gM gOSO3sC4Ho-n — (n-C4H9) 2M g+ (n-C4HySOu) 2M g 
II. 2(C4H9)2804 +MgBre —_ 2n-CaHoBr+ (n-C4H980x) 2Mg 


constitution of the Grignard reagent is accurate. Either formulation 
postulates that the Grignard reagent content of the reaction mixture 
as determined by titration should be unchanged, which is in accord 
with the facts. With phenylmagnesium bromide an appreciable 
amount of n-butylbenzene is also formed. This again may be ex- 
plained in two ways. Although the salts formed differ in composi- 
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(n-C4H9) 2804 + CeHsMgBr — CeHsCaHo-n + n-CaHgOSOsMgBr 
2(n-C4H9)2804 + (CoHs)2Mg — 2CeHsCaHo-n + Mg(n-CsHoSOz)2 


tion, distinguishing between the two mechanisms is difficult because of 
a third possibility. 


n-CaHgOSOsMgBr + (n-CaHg)2804 — n-CaHoBr + Mg(n-C4H9S0O4)2 


As might be expected from the foregoing it is possible to convert 
n-butyl] sulfate into di-n-butylmagnesium by the use of a small amount 
of magnesium halide as a catalyst. This is conveniently carried out 
by the addition of a trace of iodine to the magnesium turnings and 
ether before the ester is added.*®’ Because of the relative inertness of 


Mg + Iz > Mgle 
Mele + 2(n-C4aHo9) 2504 = 2n-C4Hol + Mg(C4H9S04)2 
2n-CaHol + Mg — 2n-CaHoMegl _ (n-CaH9)2Mg + Mgle2 


the di-n-butylmagnesium toward n-butyl sulfate, 75-80% of the for- 
mer may be obtained. 

The action of n-butyl sulfate upon benzene in the presence of alumi- 
num chloride gives about 45% of a mixture of isomeric butylben- 
zenes.*?® The reaction is then analogous to that with a n-butyl halide. 

Isobutyl sulfate was prepared in low yield by Nef *##*48 by the 
action of sulfuryl chloride upon sodium isobutoxide in ligroin solution. 
It was not obtained by the isobuty] iodide-silver sulfate reaction. 

Directions have been given in the patent literature for obtaining 
“dibutyl sulfate” from the action of sulfuric acid on olefins *® prefer- 
ably in the liquid phase under pressure.*7? The compound so obtained 
is undoubtedly the sec-butyl sulfate. The tert-butyl ester would be 
unstable, and it has not been possible so far to add sulfuric acid to 
olefins other than according to Markownikoff’s rule. 
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In addition to the homologous series of alkyl] sulfates already de- 
scribed (see p. 49) a few miscellaneous higher-molecular-weight esters 
have been made. Isoamyl] sulfate has been obtained in about 15% 
yield by the reaction of isoamy] iodide and silver sulfate in ether solu- 
tion at 130-150° under pressure; *®° some carbonizing also occurred, 
and sulfur dioxide was evolved. Upon warming to 80° with alcoholic 
potassium hydroxide the ester reacts to give ethyl isoamy] ether. By 
heating alone to 190° it undergoes decomposition to a 40% yield of 
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trimethylethylene and other products. It is possible that Chapman 
prepared some isoamy] sulfate from isoamy] nitrite and sulfur diox- 
ide.#72 

It has been claimed ‘7? that a decyl sulfate is produced by the action 
of the unsaturated hydrocarbon in coal tar boiling at 150-160° upon 
concentrated sulfuric acid. With aniline this yields an olefin. When 


(C1oH21)2804 + CeHsNH2 - CioH2o + CoHsNH30S03C10Ha21 


refluxed with aniline another mole of decylene and aniline sulfate re- 
sulted; no evidence for alkylation was found. 


Mixep ALKYL SULFATES 


Several mixed alky! esters of sulfuric acid are known. A small yield 
of methyl ethyl] sulfate *** is produced by the action of ethyl chloro- 
sulfonate upon methanol, and a 50% yield by the reaction between 


C2Hs0SO02Cl + CH30H — C2Hs0SO20CH3 + HCl 
ethyl hydrogen sulfate and methyl] chloroformate. 
CoHsHSO,4 + CICOOCH3 - C2H50SO020CH3 + HCl + COz2 


Bert ‘7* prepared a number of mixed esters by the action of ethyl 
chlorosulfonate upon suspensions of sodium alkoxides in ether at —10°. 
The physical properties are given in Table VIII. Methyl] ethy] sulfate 


TABLE VIII 
Compound BP. ae. as 
CH3(C2Hs)804 85°/15 mm. 1.228%6-5 1.399165 
CoHs(n-C3H7)80, 107°/18 mm. 1.14016-5 1.411165 
CoHs(n-CaHy) SO, 117°/20 mm. 1.11238 1.41538 


was prepared by the same method by Thayer,*?® who, however, refluxed 
the ether solution, and reported a 20% yield of product distilling at 
198~200°/742 mm. It has been claimed *’* that mixed alkyl sulfates 
result when an alkyl hydrogen sulfate prepared from an olefin and 
75% sulfuric acid is treated with ethyl alcohol. This claim is remark- 
able inasmuch as it is well known that sulfuric acid is not completely 
esterified under any conditions when treated with excess alcohol. 
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In alkylation reactions with the mixed sulfates the smaller alkyl 
group reacts more rapidly. Alkylation of sodium phenoxide with 
methyl] ethyl sulfate gave an anisole/phenetole ratio of four.*7® Addi- 
tion of the three mixed alkyl sulfates listed in Table VIII to phenyl- 
magnesium bromide gave in each case only the hydrocarbon contain- 
ing the smaller alkyl group. These results are in agreement with 
quantitative evidence that methyl] sulfate is more reactive than ethyl 
sulfate. 


MISCELLANEOUS Esters oF SutFurRiIc AcID 


By the action of allyl iodide upon silver sulfate, allyl sulfate has 
been obtained,*7’ but it could not be purified as attempted distillation 
led to an explosive decomposition. 

Triphenylmethy! sulfate has been prepared in similar fashion by the 
reaction of the chloride upon silver sulfate in liquid sulfur dioxide.*?® 

Cyclic Sulfates. An interesting compound having the composition 
of methylene sulfate was first obtained *7® by the action of oleum upon 
paraformaldehyde. A modification *® of the original method results 
in a 60% yield. Methylene sulfate is also one of the products ob- 
tained from chlorosulfonic acid and paraformaldehyde.**? It likewise 
results from chlorosulfonic acid and chloromethyl] sulfate or chloro- 
methyl chlorosulfonate. 

Methylene sulfate was originally believed to be monomolecular (I), 
but a more recent **? study of its properties indicates that II better 


OS020 
0) 
Z. % 
CH, SOz CH: CHz 
WZ 
) 
OS020 
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represents its behavior. For convenience it will be referred to as 
methylene sulfate, although the monomolecular formula is incorrect. 

By heating with water or dilute alkali it hydrolyzes to sulfuric acid 
and formaldehyde. With alcohols and glycols formals result.‘7® 


CH,0H CH.O. 
l + CH S80. — | CHa + HiS0, 
CH,OH CHO 


The reaction with phenols has been carried out under a number of 
experimental procedures. It forms methylene ethers by heating with 
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the sodium salt in acetone solution as in the case of thymol,*® or in 
aqueous acetone as with guaiacol and p-methoxyphenol. Catechol 
likewise gives the methylene compound in about 25% yield in aqueous 
acetone.*°° With a considerable number of other phenols, heating the 
reactants in benzene solution in the presence of potassium carbonate 
gives good results. The methyleneation of o-hydroxybenzyl alcohol 
is likewise possible. 


O 
OH \cHe 
+ CHS, > | + HoSOu 
CH.OH Y 
CH, 


Reaction with tertiary amines such as pyridine, quinoline, and di- 
methylaniline forms saltlike compounds of a type analogous to betaine. 


CsHsN + CHSO, — CsHsNCH20803 


Reaction of methylene sulfate with alkali cellulose resulted in meth- 
ylene ether formation *** but not so much as with chloromethy! sulfate. 
Methylene.sulfate,is not particularly stable in solution in organic sol- 
vents. Heating with a variety of substances, such as ether, acetone, 
ethyl acetate, or benzene, brings about decomposition into carbon and 
sulfuric acid.*® 

A compound quite similar to methylene sulfate in its reactions is 
glyoxal sulfate, obtained from the action of fuming sulfuric acid upon 
acetylene tetrachloride in the presence of mercury or copper salts.‘* 
The structure of this compound is not certain, but it seems probable *°? 
that it is represented by I rather than II. 


O—CH—O O O 
x \ ZN yo 
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It is a solid which melts at 176-177°. With ethyl alcohol it forms 
glyoxal tetraethyl acetal, and with ethylene glycol a compound of 
somewhat uncertain structure which is likewise an acetal. A large 
number of other derivatives of glyoxal are conveniently prepared 4** by 
using the sulfate as the starting material. 
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Ethylene and trimethylene sulfates result in small yields from the 
action of the proper bromides upon silver sulfate in xylene solution.**? 
These interesting compounds have been little investigated. 


TABLE IX 
PRoPeRTIES OF ALKYL SULFATES 
Compound B.P./mm. (M.P.) a~"e. ny 
(CH3)2SO4 69-70/10 1.33315!5 1.387420 
189/760 
(CoH 5)2804 89/9 1.172425 1.3902 
208/760 

1.180'8 1.4010'8 
(n-C3H7)2804 95/5 1.11217 1.413520 
(n-C4Hg)2S04 97/3 1. 0569425 1s 421075 
(n-C5H11)2804 117/2.5 (18) 1.026555 1.4270% 
(n-Cel]13)2504 125/ 2 1. 00392525 1. 434425 
(n-C7H15)2804 147/1.5 (13) 0.9819257> | 1.436275 
(n-CsH 17)2504 166/2 (20) 0.966155 1.440875 
(n-ColI 19) 2504 (42) 
(n-Ci9H21)2804 (37.7) 
(n-Ci2H25) 2504 (48.5) 
(n-C14H_29) 2504 (57.9) 
(n-C16H33)2804 (66.3) 
(n-CigH37)2804 (70.5) 
(i-C3H7) 2504 79/3.5 1,101!" 1.409"7 
(t-C5H31)2504 140-5/15 
ClCH2(CH3)S04 92/18 1.47318 
(CICH2) 2504 97/14 
(CICH2CHe)2804 150/7 1.4817 1.46207° 
(CICH2CHeCH2)2804 161/4 1.3637 1.46075 
(CH2SO4)2 (155) 
C2H2(S04)2 (177) 
(CHe2)2804 (99) 
(CH2)3804 (63) 


D. ARYL SULFATES 


A satisfactory method for obtaining aryl sulfates has been discov- 
ered.4*? This consists in heating an aryl chlorosulfonate with a phenol 
in the presence of pyridine. These compounds are low-melting stable 
solids which can be distilled at about 1 mm. pressure. They are hy- 


CeH;SO2Cl + CesHs0H + CsH5N — (CeHs)2804 + CsHsNHCI 
drolyzed by boiling alkali to sodium sulfate and the phenol. 


74 ESTERS OF SULFURIC ACID 


What is probably a mixed ester of sulfuric acid has been obtained 
by the action of sulfuryl chloride upon sodium p-hydroxybenzene- 
sulfonate and a long-chain aliphatic alcohol.*#? 


Ci4H290H + S02Cle + HOC.H«SO3Na od 
Cy4H2g0S020CeH.SO.Na + 2HCl 


COONAN 


17. 
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Although the practical importance of the simple aliphatic sulfonic 
acids is at present comparatively small, considerable information con- 
cerning them is available, and some of their derivatives have commer- 
cial value. The compounds which have received the most attention are 
either the derivatives of methane and ethane or of the carboxylic acids. 
Fatty acid esters of 2-hydroxyethane-1-sulfonic acid (isethionic acid) 
and amides derived from 2-aminoethane-1-sulfonic acid (taurine) have 
found application as detergents and wetting agents. Sulfonic acids 
are present to some extent in the “sulfonated oils” used for various 
purposes in the textile industry. The structures of the sulfonation 
products of this type are largely unknown and this field offers interest- 
ing possibilities for research. Most of the information so far available 
is of an empirical nature, and it is difficult to distinguish between fact 
and hope in the voluminous patent literature on the subject. 
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ALEANESULFONIC ACIDS 


General Methods of Preparation. Direct sulfonation of the aliphatic 
hydrocarbons has been of only occasional value in preparing the sul- 
fonic acids. 

It has been noted that methane, ethane,t and propane? dissolve 
slowly in fuming sulfuric acid, but the compounds formed have appar- 
ently not been isolated. Isobutane ® dissolves readily with the formation 
of a compound which is probably not the 2-methylpropane-2-sulfonic 
acid because of its low solubility in water. n-Hexane, n-heptane, and 
n-octane * react with fuming sulfuric acid to give compounds which 
analyze for the monosulfonic acids; sulfur trioxide, at the boiling point 
of the hydrocarbon, gives disulfonated products. A more recent ° in- 
vestigation indicates that these latter compounds, at least, may have 
been esters of hydroxysulfonic acids rather than disulfonic acids. Ap- 
parently oxidation occurs very readily, particularly with sulfonated 
compounds, and the resulting unsaturated derivatives add sulfuric acid 
to give esters. This may bce illustrated as follows. 


CH3(CH2)4CH3 + SO3 — CH3(CH2)3CH(SO3H)CHs 
CH3(CH2)3CH(SO3H)CH3 + S03 —> 
CH3CH2CHzCH=C(SO03H)CH3 + H20 + SOz 
CH3CH2CH2CH=C(803H)CHs3 + H2SO4 — 
CHsCH2CH2CH(OS03H)CH(SO3H)CH3 


An alternative explanation would be to assume the oxidation of the 
hydrocarbon to an olefin as the first step. Addition of sulfur trioxide 
to this would give the sulfate sulfonate. 

CH3(CH2)4CHs + S03 - CH3CH==CH(CHe2)2CH3 + SO2 + H20 
CH3CH==CH (CHe2)2CH3 + 2803 oa 


H,0 


CHsCH—CH(CHe)2CH3 ed CH3CHSOsHCHOSO3H(CHe)2CH3 
N 
O 
4 
SO3—S0O2 


Cyclohexane *:*7 is even more readily oxidized by fuming sulfuric acid, 
and the products, aside from benzenesulfonic acid, are apparently hy- 
drogen sulfates of hydroxycyclohexanesulfonic acids of unknown struc- 
tures. Methylcyclohexane behaves similarly. The reaction of 35 or 
65% oleum with these compounds occurs readily at 0-10°, indicating 
a greater reactivity than is usually credited to saturated hydrocarbons. 
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The higher paraffin hydrocarbons ® undergo oxidation with sulfuric 
acid but no sulfonic acids have been isolated. Chlorvsulfonic acid re- 
acts readily with branched-chain hydrocarbons ® such as isopentane 
and 2,4-dimethylbutane (diisopropyl) but quite slowly with n-hex- 
ane.1°* This difference in reactivity has been utilized?” in preparing 
pure straight-chain hydrocarbons from petroleum. Although sulfonic 
acids were noted in some instances, none has apparently been separated 
in a pure state and identified. It may be concluded that, in general, 
direct sulfonation gives at best only small yields of compounds whose 
structures are so far uncertain. The chief complication is oxidation 
which may occur either before or after substitution takes place. The 
photochemical sulfonation of hydrocarbons with sulfur dioxide and 
chlorine 14 followed by hydrolysis of the sulfonyl chlorides to the sul- 
fonie acids has been described in the patent literature. Treating 
n-heptane with sulfury] chloride in the presence of pyridine or quinoline 
produces sulfonyl chlorides as well as chlorination products.??® 

The addition of bisulfites to olefins takes place slowly in cold dilute 
solution’? The presence of an oxidizing agent such as oxygen or a 
nitrite is essential, which has led to the suggestion that the reaction 
can best be interpreted upon the basis of a free radical mechanism,?*¢ 
since a bisulfite may be converted into a free radical or free radical ion 
by an oxidizing agent. The rate of addition is greatly affected by the 
hydrogen-ion concentration. Ethylene does not react with ammonium 
bisulfite at pH 4.8 while at 5.9 the reaction proceeds at an appreciable 
rate. With propylene the maximum rate of addition occurred in the 
range of pH 5.1 to 6.1. Addition of bisulfite to isobutylene, trimethyl- 
ethylene, cyclohexene, pinene, dipentene, and styrene has also been 
noted. Where the structures of the products have been determined 
addition does not occur according to Markownikoff’s rule. Propylene 
gives the propane-1-sulfonate, isobutylene the 2-methylpropane-1-sul- 
fonate, and styrene the 1-phenylethane-2-sulfonate.2#/ In this last 
instance the chief product of the reaction is 1-phenyl-1-hydroxyethane- 
2-sulfonie acid; some 1-phenylethylene-2-sulfonic acid also is formed 
when oxygen is present but not in the presence of other oxidizing 
agents. 

The yields of sulfonates obtained from olefins and a bisulfite are, 
in general, not high. The best results were those obtained by Khar- 
asch #24 with isobutylene and sodium bisulfite, where a 62% yield of 
crude product was isolated. With ethylene 12% of barium ethanesul- 
fonate was formed in the reaction of excess ethylene and oxygen upon 
2 N ammonium sulfite solution. No addition whatever occurred in the 
absence of an oxidizing agent. 
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Thiols react vigorously with concentrated nitric acid to give as final 
products the corresponding sulfonic acids. A considerable number has 
been made in this way, including the ethane-,"* propane-1-,'* pro- 
pane-2-,*> butane-1-,'° d-butane-2-,'7 2-methylpropane-1-,**** pen- 
tane-2-,4° 3-methylbutane-1-,2° hexane-1-,!?2 hexane-2-,)® 2-methyl- 
pentane-2-,?** and octane-2-sulfonic 7° acids. Others are mentioned 
in the patent literature.22 With one exception *** no yields were re- 
corded for these reactions. It has been found ** that oxidation of the 
lead salts of the thiols with nitric acid gives better yields than are ob- 
tained from the thiols themselves. For the series of normal chain acids 
containing from nine to fourteen carbon atoms the yield of lead sul- 
fonate is usually above 60% of the theoretical amount. The lead sul- 
fonates are easily convertible into the free acids by treatment with 
hydrogen chloride in isopropy] alcohol. 


(RS)2Pb + 12HNOs — (RSO3)2Pb + 12NO2 + 6H20 
(RSOz)2Pb + 2HC] —» 2RSO3H + PbCle 


By the oxidation of a mixture of hexadecanethiol-1 and the disulfide 
with fuming nitric acid 25 the sulfonic acid is obtained in 98% yield, 
which is contrary to the observation of Reychler ** that this thiol re- 
acted explosively with nitric acid and hence another oxidizing agent 
was preferable. The yields obtained in this type of oxidation reaction 
undoubtedly depend on how much excess nitric acid is used, as dilute 
acid remaining at the end of the reaction might not oxidize the inter- 
mediate disulfide and disulfoxide completely to the sulfonic acid. It is 
also probable that disulfides can be used in place of the thiols, as these 
would be formed as the first stage in the oxidation process. Oxidation 
of ethyl disulfide to the sulfonic acid by the action of 50% nitric acid 
has been described.?? 

It has been found ??:2%?8 that the higher alkanesulfonic acids can be 
made in good yields by oxidation of the corresponding thiols or disul- 
fides in acetone or acetic acid solution with potassium permanganate 
or dichromate. The acids are precipitated from solution by concen- 
trated hydrochloric acid. Potassium permanganate had previously 
been employed in the oxidation of ethanethiol to the sulfonic acid.”* 

Recently * it has been shown that hydrogen peroxide oxidizes di- 
methylethylmethanethiol to the sulfonic acid. 

The oxidation method of preparation has been of value in determin- 
ing the relative influence of thiol and sulfo groups upon the optical 
rotation caused by an asymmetric carbon atom, as there is no possi- 
bility of a Walden inversion during the reaction.?® 
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Oxidation of several alkyl thiocyanates with nitric acid *? has re- 
sulted in good yields *? of the sulfonic acids. As the thiocyanates are 
readily obtainable, this method deserves more attention than it has 
received. With concentrated acid the reaction is violent, and an appre- 
ciable quantity of sulfuric acid is formed. As other products, carbon 
dioxide and oxides of nitrogen are evolved. 


CH3SCN + 183HNO3 — CH3S03H + COe + 14NO2 + 6H2O 
CH3SCN + 21HNO3 — HeSO, + 2CO2 + 22NOe + 11H20 


Oxidation of methyl, ethyl, n-amyl, and methylene thiocyanates with 
bleaching powder solution ** gives the sulfonic acids with evolution of 
nitrogen and carbon dioxide. Good yields of methane- and ethane- 
sulfonic acids are likewise obtained *4 by electrolytic oxidation of the 
thiocyanates in 50% acetie acid to which hydrochloric acid has been 
added. Chlorine water oxidation of n-heptyl sulfoxide gives a small 
yield of the heptanesulfonic acid.*5* More recently it has been shown 
that the action of chlorine on an aqueous solution of an alkylation 
product of thiourea gives a sulfonyl chloride in many instances.**>-©/ 
The yields are good for primary alkyl] groups but are low for sec-alkyls 
and zero for the tert-butyl compound and other miscellaneous isothio- 
urea derivatives. 


RSC(NH2)==NH + 8Cle + 2H20 + RSO2Cl + 4HCl + [C1IC(NH2)NH] 


(On a few occasions dangerous explosions have occurred when the re- 
action mixture was being processed. These may result from the 
formation of nitrogen trichloride but further investigation will be nec- 
essary to establish this.) Bromine acts in similar fashion. Sulfonic 
acids or their salts are readily obtained by hydrolysis of the sulfonyl 
halides. The action of chlorine upon an aqueous suspension of an 
alkyl thiocyanate *°°2 and upon a variety of other compounds con- 
taining an S-alkyl group **%* likewise yields the sulfonyl halides. 


RSCN + 38Cle + 2H20 — RSO2Cl + 4HCl + CICN(?) 


The reaction of an alkyl halide with an alkali sulfite in aqueous 
solution forms a sulfonic acid ®**? rather than an oxygen ester of sul- 
furous acid. By substituting ammonium sulfite ** for the alkali salt 
the resulting sulfonate becomes more easily convertible into other salts 
of the acid, and apparently the formation of a stable double salt of 
ammonium iodide and ammonium sulfonate does not occur as it does 
with the alkali metal salts. The 90% yields of ammonium sulfonates 
reported by Hemilian ** for this method have not been verified,?% 2% 
but it is possible to replace the alky] iodides with the cheaper bromides 
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or chlorides and obtain yields ranging from 50 to 90% of the theoreti- 
cal amounts. It was reported by several investigators 78% that the 
high-molecular-weight sulfonic acids could not be prepared by the ac- 
tion of the bromides with a sulfite but it was later #7 9°* found that by 
heating n-octyl, n-decyl, myristyl, cetyl, or octadecy! bromide, or 
lauryl chloride with an excess of aqueous sodium sulfite in an auto- 
clave at 200° for several hours a 60-70% yield of the sulfonate results. 
Cyclopentylalkyl chlorides have been converted into sulfonates in this 
way also.** This reaction eliminates one step necessary in the prep- 
aration of the sulfonic acids from the bromides through the thiols and 
avoids handling these latter substances.*° 

Another method of proceeding from an alkyl halide to a sulfonic 
acid involves the intermediate formation of the sulfinie acid from the 
Grignard reagent and its subsequent oxidation. In this manner meth- 
ane- and ethanesulfonic acids ** have been obtained by oxidation of 
the sulfinic acids with bromine water, and cyclopentane-, cyclohexane-, 
and 3-methyleyclohexanesulfonic acids by oxidation with potassium 
permanganate.*?” 

Methods for synthesizing sulfonic acids applied in only one or two 
cases are mentioned under a discussion of the compounds concerned. 

Properties and Reactions. The common physical properties * of 
the first six members of the series of alkanesulfonic acids are listed 
in Table I. The alternations of the melting point and the high densi- 


TABLE I 
Compound | B.P., °C. (mm.) | M.P., °c.| MP: CoHsNHNH: ae 
Salt, °C. 
CH;S03;3H 167 (10) +20 193.5-194 1.4844 
CeHsSOsH | _........ -17 182.8 1.3341 
n-C3H7SO3H 136.(1) + 7.5 204.5 1.2516 
n-C,H,SO3;H 147 (0.5) —15.2 114-115 1.1906 
n-CsHSO3H 163 (1) +15.9 108-108.2 1.1226 
n-C,H13503H 174 (1) +16.1 101-101 .6 1.1047 


ties of the first members of the series are apparent. The phenylhy- 
drazine salts of the first eight members of the series have been shown 
to be suitable as derivatives.** They have convenient melting points 
(listed in Table I) and may be titrated with standard alkali for quan- 
titative estimation. The amides derived from 2-naphthylamine are 
also characteristic for some of the lower acids.*7* The melting points 
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for members of the series containing from nine to fourteen carbon 
atoms have been determined.*#* The melting points of the acids and 
their benzylaniline salts are listed in Table II. These salts have been 
suggested as suitable for identification purposes. 


TABLE II 
BENZYLANILINE SALTS OF ALKANESULFONIC ACIDS 
, , | 3 Benzylaniline Salts, 

Sulfonie Acid M.P., °C. MP., °C. 
CH3(CHe2)sSO3H 46 90.5-91 
CH3(CH2)9SO3H 46.5 84.0-84.5 
CH3(CH2)19SO3H 49 84.6-84.7 
CH3(CHe)1:803H 52 91.0-91.2 
CH3(CH2) 2S03H 58 87 .5-88.0 
CH3(CHe)13803H 65.5 82.5-82.7 
CH3(CHe)15803H 53-64 | i... .eeee 


Levene and associates **? have reported on the rotatory dispersion 
of some optically active sulfonic acids. This investigation was made 
dificult by the position of the absorption band in the far ultraviolet. 

The reactions of aliphatic sulfonic acids are somewhat similar to 
those of the more thoroughly studied aromatic compounds. Thus, boil- 
ing dilute sodium hydroxide is without effect, but heating in 5% so- 
dium hydroxide above 300° under pressure results in slow decomposi- 
tion.1® The extent to which various sulfonic acids decompose when a 


RSO3Na + NaOH — ROH + NazSOz3 


solution 0.5 M in the sodium sulfonate and 2 M in sodium hydroxide 
is heated at 345° for 3 hours is shown in Table III. At this tempera- 
ture the alcohol is not recovered, but in the case of primary alcohols 
is further oxidized to the acid. The products resulting from the sec- 


RCH20H + NaOH — RCOONa + 2Hae 


ondary alcohols have not been determined. The extent of sodium sul- 
fate formation in the reaction is negligible. 

The reaction occurring between phosphorus halides and aliphatic 
sulfonic acids depends upon the halogen; *® with phosphorus penta- 
chloride or bromide the sulfonyl halide results whereas if phosphorus 
tribromide is also present the sulfonyl bromide is generally reduced to 
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TABLE III 
Soprum ALKANESULFONATES AND 2M ALKALI aT 345° 
Sulfonic Acid Decomposition, % Sulfonic Acid Decomposition, % 
CH;SOsII 1.5 CesHsCH2SO3H 5.0 
CH3CHS0O3H 62.7 (CH3)2CHSO3H 88.6 
CH3(CH2)2S803H 20.2 CH3CH (SO3H)CeHs 75.2 
CH3(CH2)3S803H 17.3 CH3CH(SO3H)C3H7 64.2 
CH3(CH2)4SO3H 13.3 CH3CH (SO3H)C4Hyo 54.9 
CH3(CH2)sSO3H 11.7 CeH,;SO3H 5.0 


the disulfide unless the sulfonic acid is adjacent to a benzene ring as 
in toluene-w-sulfonie acid. Here the sulfonic acid group is replaced 
by bromine. 


RSOsH + PBrs — RSO2Br + KBr + POBrs 
PBrs = PBr3 + Bre 
2RSOeBr + 5PBr3 — R--S—S—R + 4POBr3 + PBrs 
CyHsCH2SO2Br + PBrs — CegHsCHeBr + [SOBre] + POBrs 


Aliphatic sulfonyl bromides result in some instances from the re- 
action of alkylmagnesium bromides with sulfuryl chloride.*® If alkyl- 
magnesium iodides or chlorides are used, however, the products are the 
sulfonyl chlorides 47 together with the sulfinic acids. 

Aliphatic sulfonyl fluorides *#* have been prepared only by action of 
the sulfonyl chlorides upon zine fluoride or potassium fluoride. Pos- 
sibly antimony pentafluoride would react with sodium sulfonates to 
give fluorides. The phosphorus fluorides are probably too inert. 


RSO2Cl + KF — RSOoF + KCl 


In Table IV are tabulated some of the properties of the sulfonyl 
chlorides, amides, and anilides derived from the lower-molecular- 
weight sulfonic acids. 

The aliphatic sulfonic acids are inert toward the action of chlorine 
under ordinary conditions. Ethane and propane-1-sulfonic acids *® do 
not react under any conditions so far investigated while 3-methyl- 
butane-1-sulfonic °° acid reacts only in the presence of light. A com- 
pound CsHisCISO3H, isoamy] chloride, and ‘chlorosulfonic acid are 
the chief products. Heptane-1-sulfonic acid ®! gives a dichloro- and a 
trichloroheptane-1-sulfonic acid under similar conditions. 
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TABLE IV 
DERIVATIVES OF ALKANESULFONIC ACIDS 
: s B.P. of Chloride, | M.P. of Amide, M.P. of Anilide, 
Sulfonie Acid be ° ° 

‘C. (mm.) C. Cc. 
CH;S03H 161 (730) 90 100.5 
C,H;SO3;H 177.5 (760) 58 58 
CH3(CH2)2803H 77-78 (13) 52 10 
(CH3)2CHSO3;H 79 (18) 60 84 
CH 3(CH2)3SO3H 96-97 (18) 45 10-15 
(CH3)eCHCH.2SO3H 80 (13) 14-16 38 
(CH3)2CH (CHe)2803H 98 (13) 3 42 


By heating the sulfonic acids with iodine trichloride various complex 
changes can be brought about. Ethanesulfonie *® acid at 150° with 
excess reagent for 7 hours reacts approximately as follows. 


CeoHsSO3H + 4IClz — CoCle + CISO3H + 5HCl + 2]. 


With a smaller amount of iodine trichloride a dichloroethanesulfonic 
acid results which probably has one chlorine on each carbon atom; 
with barium hydroxide only one of the chlorines was easily removed. 
Likewise with ammonia one of the chlorines was replaced by an amino 
group, and the silver salt upon heating in aqueous solution decomposed 
as follows. 


CeH3CleSO3sAg + H2O — CeHs(OH)CISO3H + AgCl 
-Propane-i-sulfonic acid *® with iodine trichloride yields a mono- 
chloro compound in which the chlorine is attached to the same carbon 
atom as the sulfo group since further reaction gives 1,1,1-trichloro- 
propane and echlorosulfonic acid. These changes may be formulated 
as follows. 


CH3CH:CH2S03H -“"> CH3CH:CHCISO3H > 


CH3CH2CCl3 + ClSO3H 


The monochloro compound forms a double acid with the unsubsti- 
tuted acid of the composition (CgsH;SOsH)3-CgHegCISO,;H. 3-Methyl- 
butane-1-sulfonic acid ©° with iodine trichloride behaves similarly to 
the acids already mentioned, the results indicating that chlorination 
occurs on the carbon atom attached to the sulfo group. The reaction 
is more vigorous in sunlight than in the dark. 
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This enhanced reactivity of the hydrogen adjacent to the sulfonic 
acid part of the molecule is also evidenced in the behavior of ethane- 
sulfonie acid and toluene-w-sulfonic acid toward hydrogen peroxide *? 
in the presence of ferrous sulfate which converts these acids into acet- 
aldehyde and benzaldehyde respectively. 


METHANE- AND ETHANESULFONIC ACIDS 


Methanesulfonic Acid and Its Derivatives. Methanesulfonic acid 
has been obtained in several ways not included among the methods of 
preparation already discussed. The reduction of trichloromethane- 
sulfonic acid * either electrolytically or by the action of sodium amal- 
gam or zine occurs readily without the evolution of more than a trace 
of hydrogen until the reaction is nearly complete. 

Shaking methyl] iodide with ethyl sulfite and dilute potassium hy- 
droxide ** forms potassium methanesulfonate, probably through the 
hydrolysis of the ethy] sulfite *** to potassium sulfite followed by al- 
kylation of this. Various other alkali salts have been obtained © by 
action of the proper metal sulfite upon methyl] iodide. 

Methyl sulfate reacts readily with aqueous potassium sulfite at 
80-90° to give the sulfonate.°° This was not isolated as such but was 


(CHs)2804 + K2S03 + CHsSOsK + KCH3804 


converted into the sulfonyl chloride by treatment with phosphorus 
pentachloride. The yield of methanesulfonyl chloride was only 21- 
27% of the potassium sulfite used. This method of preparation suffers 
from the difficulty of separating potassium methyl sulfate and potas- 
sium methanesulfonate if the sulfonate is desired. The yield of sul- 
fonate would probably be increased by substitution of sodium sulfite 
for the potassium compound. 

Methanesulfonic acid has been obtained in small amounts from the 
oxidation of proteins *’ and from the action of fuming nitric acid at 
200° upon y-aminopropyl methyl sulfone.*® This last reaction indi- 
cates the great stability of the acid toward oxidizing agents in an 
acidic solution. 

When anhydrous, methanesulfonic acid melts at 20° and distils at 
167° (10 mm.).°® With water it forms both a mono- and a trihydrate. 
As indicated by its boiling point it is an “associated” liquid. When 
fused with potassium hydroxide ® hydrogen is evolved and potassium 
carbonate and sulfite are present in the fusion mixture. 

By electrolytic oxidation * at a platinum anode in aqueous solution, 
potassium methanesulfonate is converted into carbon dioxide, potas- 
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sium sulfate, potassium persulfate, and a substance which upon acidi- 
fying the solution and boiling liberates formaldehyde. The nature of 
this compound was not determined. 

By heating silver methanesulfonate with methancsulfonyl chloride 52 
at 160° the anhydride is produced. 


CH3SOs3Ag + CH3SO2Cl — (CH3S02)20 + AgCl 
The anhydride is also formed by the action of silver cyanate upon 
methanesulfonyl chloride.*** It crystallizes from ether in prisms, 
m.p. 71°, and distils at 188° (10 1nm.). Hot water hydrolyzes it read- 
ily to the acid and with alcohol the ester is formed. This appears to 
be the only simple aliphatic sulfonic acid anhydride known. 


(CH3802)20 + C2Hs50H —» CHsSO20C2H; + CH3S03H 
The usual method of obtaining methanesulfony] chloride is by the 
action of phosphorus pentachloride upon a salt of the acid.5% 5%, 02 
More recently the action of chlorine upon S-methylthiourea salts or 
methyl thiocyanate has been found to give good results. 


CH3SOsNa + PCls -» CHsSO2Cl + POCI; + NaCl 


It has also been obtained by the action of chlorosulfonic acid °° on 
methanesulfonamide at 100°. 
CH2SO2NH2 + CISO3H — CHsSO2Cl + NH2S03H 

It is a heavy (d}8° 1.4805) water-insoluble liquid which may be dis- 
tilled at atmospheric pressure without decomposition. It is readily 
hydrolyzed by hot water. In heating to 200° with sulfuryl chloride 
or with iodine trichloride no appreciable reaction was observed.® Sil- 
ver cyanate gives in addition to the anhydride already mentioned a 
5% yicld of methanesulfonyl isocyanate.** This compound reacts 
violently with water or alcohol to give the sulfonamide. What the 
second product is in the case of the alcohol reaction is not clear. 


CH3SO2NCO + H20 -—+ CH3SO2NHe2 + CO2 
An addition compound of methanesulfonyl chloride and aluminum 
chloride ® evolves methyl] chloride when heated alone, whereas in ben- 
zene, methyl phenyl! sulfone results. 
CH3S802CI- AICls + CeHs — CHsSO2CeHs + AICls + HCI 


Heating with dry zinc fluoride at 160-170° gives an 80% yield of 
methanesulfonyl fluoride,“* b.p, 124.2 (754 mm.), n?0 1.3596, charac- 
terized by a chloroform-like odor. Hydrolysis of the fluoride with 
boiling water is extremely slow, but with alkali the reaction is rapid. 
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Methanesulfonyl chloride reacts readily with alcoholic ammonia * to 
form methanesulfonamide. The amide undergoes an interesting re- 
action with aromatic diazonium salts.*¢ 


CH3SO02N He + 2CsHsN2Cl ~ 
CH3sSO2N==N-—-CgHs + CeHsN3 + 20ICl 


The reaction of methanesulfony] chloride with aromatic amines © is 
conveniently carried out in benzene solution; the methanesulfonamides 
may serve as derivatives for the identification of the amines. These 
amides are somewhat more readily hydrolyzed than those derived from 


CH3S802Cl + 2RNH2z — CH3SO2NHR + RNH3Cl 


benzenesulfonyl chloride. The amides from primary amines were 
found to be soluble in 10% sodium hydroxide solution. Their melting 
points are given in Table V. The methanesulfonamides of certain 
amino acids and peptides have also been described.*** 


TABLE V 
METHANESULFONAMIDEB 

Amine M.P., °C. Amine M.P., °C. 
Aniline 100.5 2,5-Dichloroaniline 174 
o-Toluidine 103 a-Naphthylamine 125.5 
p-Toluidine 102.5 §8-Naphthylamine 153.5 
o-Anisidine 115.5 5-Phenoxybutylamine 79.5 
p-Anisidine 116 Methylaniline 76.5 
p-Phenetidine 125 Ethylaniline 59 
o-Chloroaniline 90.5 n-Propylaniline 76 
p-Chloroaniline 148 n-Butylaniline 73 
p-Bromoaniline 136 Benzylaniline 122! 


Methyl methanesulfonate results from the action of methyl iodide 
upon methy] sulfite * at 115°. It distils at 202.7~203° (748 mm.) and 
has the d@ of 1.3206. The ethyl homolog has been obtained ** from 
methanesulfonic anhydride and ethyl alcohol. It has the b.p. 85-86° 
(10 mm.). No other physical properties have been determined. It is 
easily hydrolyzed by heating with water. 

n-Butyl methanesulfonate has been prepared °* in 79.5% yield by 
the addition of pyridine to a mixture of the aleohol and methanesul- 
fonyl chloride kept at 0°. The ester distils at 105-106° (6 mm.) and 
has the d20 1.1074 and n? of 1.4319. This compound was found to 
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CH38O2Cl + C4HoOH + CsHsN —» CH3S03C4He + CsHsNHCI 


have no advantage as an alkylating agent over n-butyl p-toluene- 
sulfonate. Several methanesulfonates of carbohydrates have been de- 
scribed by Helferich and co-workers.®”® 

Halomethanesulfonic Acids. A considerable number of halogen 
derivatives of methanesulfonic acid have been investigated. The re- 
duction of trichloromethanesulfoniec acid ® with zine and sulfuric acid 
may be stopped at the intermediate stages. Chloro- and dichloro- 
methanesulfonic acids are also present in the reaction product ob- 
tained from potassium sulfite and chloroform ® at 180°. Sodium 
chloromethanesulfonate is readily obtained by refluxing chlorobromo- 
methane with aqueous sodium sulfite solution.*** 


ClCH2Br + Na2SO3 — ClCH2SO3Na + NaBr 


Evaporating the reaction mixture to dryness and extracting with alco- 
hol separates the sulfonate from inorganic salts. Barium chloro- 
methanesulfonate has been obtained by the oxidation of chloromethy] 
thiocyanate with fuming nitric acid and the addition of barium hy- 
droxide to the solution. The sodium salt is very soluble in water, the 
barium salt much less so. The free acid has apparently not been ob- 
tained in a pure condition although a very concentrated solution of it 
was described ®* as a strongly acidic syrup. At 200° sodium chloro- 
methanesulfonate reacts with sodium oleate and other fatty acid 
salts °°? to give a product useful as a detergent or wetting agent. 
Chloromethanesulfonyl chloride has been prepared from trithiane and 


C17H33COONa + CICH2S03Na _— C,7H33 COOCH2S03Na + NaCl 


chlorine water.°° The corresponding amide undergoes a rapid de- 
composition with dilute alkali, probably through initial cleavage of 
the carbon-sulfur bond.** The chlorine of the free acid is unusually 


CICH2SO2NHz + OH~ — [CICH20H] + [SOzNH2]~ > 
NH.Cl + HCHO + HSO3~ 


inert. Heating the amide with acetic anhydride or benzoyl chloride 
gives the N-acy] derivative.°*¢ The N-benzoylchloromethanesulfona- 
mide has a sweet taste. 

Dichloromethanesulfonyl chloride,”° obtained from the potassium 
salt and phosphorus pentachloride, is reduced in alcoholic solution by 
sulfur dioxide to the sulfinic acid. 

Chlorine reacts with moist carbon disulfide ** to form trichloro- 
methanesulfonyl chloride, a compound also obtained by oxidation of 
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CS2 + 5Cle + 2H20 — CClSO2Cl + 4HCl + SCle 


trichloromethylsulfur chloride with nitric acid.** This acid chloride 
forms camphor-like easily sublimed crystals which melt at 135° and 


CCI38Cl + 4HNO3 - CCl3802Cl + 4NO2 + 2H20 


the liquid distils at 170°. It can be recrystallized from boiling water 
or dilute aleohol without appreciable decomposition, but upon boiling 
with water for some time, however, decomposition becomes apparent,?? 
the products being carbon dioxide, sulfur dioxide, sulfuric acid, hydro- 
chlorie acid, and chloroform. The products indicate that hydrolysis 
must occur in at least two ways. 


Cl3CSO2Cl + H20 — [ClsCOH] + HCl + S802 
[Cl3COH] + H20 — 3HCl + CO2 
Cl3CSO2Cl + 2H20 — CHCls + H2SO4 + HCl 


With barium hydroxide solution some of the normal hydrolysis prod- 
uct is obtained. 

Sulfur dioxide reduces the acid chloride to the sulfinie acid as with 
the dichloro compound. The sulfinic acid is quite unstable. 


ClsCSO2Cl + H2SO3 + H20 — ClzCSO2H + HCl + H2804 
Cl3CSO2H — CHCl3 + SO2 


Aniline likewise acts as a reducing agent, the water-insoluble aniline 
salt of the sulfinic acid separating out. The oxidation product was not 
isolated. For o-phenylenediamine the oxidation product was probably 
2,3-diaminophenazine hydrochloride. With ammonia the products are 
nitrogen, the ammonium sulfinate (ClgCSOg2NH,), and ammonium 
chloride. In no case was an amide formed in the reaction with an 
amine. This reactivity toward amines is in contradiction of the earlier 
report of Hantzsch,’* who described the compound as being practically 
inert toward ammonia and amines. The different results reported are 
quite probably due to different experimental conditions. With benzene 
and aluminum chloride triphenylcarbinol results. In these various 
reactions the —SO2Cl group behaves as a pseudo-halogen which may 
be split off either as a positive or negative radical, depending upon 
the reaction conditions. 

Bromomethanesulfonic acid results from the decomposition of bro- 
mosulfoacetic acid ** in aqueous solution under pressure at 200°. Heat- 


HO3SCHBrCOOH = CH2BrSO3H + CO2 
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ing the compound alone at its melting point gives dibromomethane- 


2HO3SCHBrCOOH — HOsSCH2COOH + CHBreSO3H + CO2 


sulfonic acid. The dibromo compound has also been obtained by 
bromination of barium sulfoacetate.7* The barium salt crystallizes 
with one molecule of water. According to a German patent 7°> sodium 


2(CH2S03CO2)Ba + 4Bre —> (CHBreSO3)2Ba + BaBre + 2HBr + 2CO2 


dibromomethanesulfonate results in 60% yield from bromination of 
sodium acetonesulfonate and heating the product with water or alcohol. 


CHsCOCH2SOsNa + 4Bre — CHBreCOCBr2803Na + 4HBr 
CHBr2SOsCBr2S03Na + He20 — CHBr2S03Na + CHBreCOOH 


Salts of the iodomethanesulfonic acids have quite recently received 
considerable attention because of their possible use as x-ray contrast 
reagents in urologic practice.?* The sodium salt of iodomethanesul- 
fonie acid has been prepared in nearly quantitative yield by the action 
of iodoform *? upon an aqueous solution of sodium sulfite. The re- 
action of methylene iodide with various sulfites has also been pat- 
ented.?7%78 Another reaction which has received considerable study 
consists of the replacement of the chlorine of chloromethanesulfonic 
acid with iodine ** by heating with an iodide. 


(CICH2803)2Zn + Znle _ (ICH2SO3)2Zn + ZnCle 


The substitution of the bromo or fluoro compound for chloromethane- 
sulfonic acid in this reaction has also been mentioned.®° The iodo- 
methanesulfonate may be separated from the other salts in the re- 
action mixture by treatment with ethyl] alechol, in which the sulfonate 
is quite soluble. 

Barium diiodomethanesulfonate results in 30% yield by heating 
barium sulfoacetate with iodine, barium iodide, and barium iodate in 
aqueous solution ** in a sealed tube at 200-210° for 8 hours. The free 
acid melts at 61°. The barium salt forms several hydrates. 

By treatment of sodium methanesulfonate or its mono or diiodo 
compounds with iodine and sodium carbonate in water solution at 
150-180° it is claimed *? that the triiodo compound is produced. A 
better method is to treat the diiodo compound with mercuric oxide 
and decompose the product with iodine.™ 


I 
I,CHSO3Na + HgO — HOHg—ClS03Na *, IsCSO3Na + He 
H 
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The sodium salt (2H,O) is readily soluble in water. It is consider- 
ably more toxic than the mono and diiodo compounds, behaving in 
many respects like iodoform. The iodine atoms are even more labile 
than those of iodoform, oxidation by atmospheric oxygen in alcohol so- 
lution liberating free iodine in a few minutes. Reaction with the oxygen 
in the blood occurs much more slowly. In water or alcoho! solution 
when kept in the dark in an inert atmosphere decomposition is neg- 
ligible. The action of light in the absence of oxygen liberates hydrogen 
iodide and sodium bisulfate. 

light 


IsCSO3Na + 3H20 ~“> 3HI + NaHSO, + HCOOH 


A side reaction also occurs. 


I3;CSO3Na + 3H20 — 3HI + NaHSO3 + HeCOs 


Several mixed halogen derivatives of methanesulfonic acid have been 
investigated, particularly in regard to their resolution into optical 
isomers. Barium chlorobromomcthanesulfonate is obtained by the 
bromination of chlorosulfoacetic acid *? at 150° and neutralizing the 
reaction mixture with barium carbonate. Some difficulty was encoun- 
tered * in attempting to resolve the acid into its optical isomers, this 


CICHSO;HCOOH + Bre — CICHBrSOsH + COz + HBr 


finally being accomplished ® by hydroxyhydrindamine. Furthermore, 
the active forms racemize with great ease, possibly because of lability 
of the hydrogen attached to the asymmetric carbon atom. This would 
be due to ionization rather than enolization, since hydrogen adjacent 
to sulfur-oxygen bonds of this type does not tend to exist in the enol 
form. Because of this optical lability it was possible to convert the 
dl compound completely into the J- salt of l-hydroxyhydrindamine 
which crystallizes out of acetone. Various salts of either active form 
exhibit mutarotation in solution. 

Chloroiodomethanesulfonic acid may be obtained in a 60% yield 
by iodination * of chlorosulfoacetic acid at a temperature of 190° with 
iodine and barium iodate. Its optically active forms do not racemize 
as readily *:®* as is the case with the chlorobromo compound. 

Iodination of bromosulfoacetic acid at 210° gives a small yield of 
bromoiodomethanesulfonic acid. 

Ethanesulfonic Acid. Only the reactions not mentioned in the dis- 
cussion of general methods for preparing sulfonic acids are given here. 
Shaking ethyl sulfite with ethyl] iodide ™ in alkaline solution or even 
hydrolysis of ethyl] sulfite with cold 20% alkali *®? gives some of the 
alkali ethanesulfonate. The action of ethyl iodide upon sodium ethyl 
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sulfite at 150° gives similar results. Sodium ethyl sulfite rearranges 
in the presence of salts such as sodium thiocyanate to form sodium 
ethanesulfonate.*® Sodium sulfite may be alkylated ® with sodium 
ethyl sulfate by heating in concentrated aqueous solution to 110-120° 


Na2SO3 + CoHsNaSOz — C2HsSO3Na + Na2SO4 


for 3 hours. Sodium ethylenesulfonate is reduced °° by hydrogen iodide 
and phosphorus to the ethanesulfonic acid salt. 


CH.=CHSO3Na -@ CH3CH2SO2Na 


As has already been noted, ethanesulfonic acid is stable toward 
chlorine. When heated with solid alkali ® ethylene is evolved. This 
reaction is different from that obtained in dilute alkali solution by 


CeHsS0O3Na + KOH —_ NaKSO3 + CeH4 + H20 


Wagner and Reid ?® who found that aliphatic sulfonic acids were first 
converted to the corresponding alcohols followed by oxidation to the 
acids, 

Ethanesulfonyl chloride has been prepared by the action of phos- 
phorus pentachloride °? upon sodium ethanesulfonate, a reagent which 
at higher temperature * produces ethy! chloride. Thiony! chloride has 


C2HsSO2Cl + PCls —> CoHsCl + SOCl2 + POCI3 


likewise been employed * in preparing the acid chloride. It also re- 
sults, among other things, from the action of chlorine water upon ethyl 
sulfoxide,*® and other sulfur compounds.***° 

With zine dust in aleohol * ethanesulfony! chloride is reduced to 


2C2HsSO2Cl + 2Zn —» (C2HsSO2)2Zn + ZnCle 


zine ethanesulfinate while in the presence of sulfuric acid ®* reduction 
goes to the thiol stage. 


Ce2HsS02Cl + 3Zn + 3H2804 —_> C2H;SH + 3ZnSO4 + 2H20 + HCl 


It is hydrolyzed slowly by water.®* In the reaction with hot ethyl] al- 
cohol there are formed, besides ethyl ethanesulfonate, ethyl chloride 
and sulfur dioxide.®* This is an unusual reaction for a sulfony! chlor- 
ide of this type. The addition product with aluminum chloride * also 
decomposes in this manner, hydrogen chloride and a resin being formed 
as by-products. By warming with a 70% potassium fluoride solution * 
a 67% yield of the corresponding fluoride, b.p. 134-135°, results. This 
has no action upon pyridine even after standing for weeks. 
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The amide results by the action of ammonia *’ on the chloride in 
the usual manner. At a low temperature a mixture of nitric and sul- 
furie acids reacts with ethanesulfonamide to form the nitramide, but 
nitric acid alone at a higher temperature reacts explosively with evo- 
lution of nitrous oxide. 


C2HsSO2NH2 + HNO; — CeHsSOsNHNOs + H2O 
CeHsSO2NHe + HNO3 — CeHsSO3H + N20 + HeO 
The methyl and ethyl esters of ethanesulfonic acid have been pre- 
pared ®* by the action of the sodium alkoxide with ethanesulfony] 
chloride in alcohol solution. The ethy] ester also results from silver 
CeHsSO2Cl + RONa =—> CeH;SO3R + NaCl 


sulfite and ethyl iodide,®® one sulfur to carbon bond being established. 
AgeSOs + 2CoHsI _ C2H;S020C2Hs + 2AglI 

Only the boiling point °° of the methyl ester, 197.5-200.5°, has been 
reported, but the physical properties of the ethyl homolog have been 
determined with some care. It distils at 213-213.5° (761 mm.) ;?%° 
121.5° (25 mm.);? and 104° (14 mm.).?°? The d?? is 1.14517 *°° 
and d? has been given ® as 1.1712. The dielectric constant was found 
by Walden ** to be 45.5 at 1.2° and 41.9 at 20°, values which are 
higher than those of all but a few other organic compounds. The sur- 
face tension determinations ** as well as the high boiling point indicate 
association in the liquid state. The-absorption spectrum for the ultra- 
violet has been studied.?? 

Reaction of ethyl ethanesulfonate with potassium iodide * gives 
ethyl iodide and a double salt. 


4CoHsSO20C2Hs5 + 5KI — 4CoHsI + (CeHsSO3K)4+- KI 


With phenylmagnesium bromide some ethylbenzene ** together with 
considerable ethyl phenyl sulfone '° result. 


CeHsMgBr + CeoHsSO020C2H5 —> CeHsCoHs + C2H;SO20MgBr 
CeHsMgBr + CeH;SO20C2H5 = CgHsSO2C2Hs + C2HsOMgBr 


Its alkylating action is also shown in the reaction with aqueous or 
alcoholic ammonia, : 


CoHsSO20C2Hs + NH3 — CeHsSO2ONH3Ce2Hs5 


The rate of reaction with sodium ethoxide 7 has been studied in some 
detail. 


CeH;SO03:C2Hs + CoHsONa, md (C2H5)20 + CeH;SO3Na 
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Haloethanesulfonic Acids. 2-Chloroethanesulfonic acid ?°* and the 
corresponding bromo *® compound are obtained as their alkali salts 
by heating an excess of the ethylene halide with sodium or potassium 
sulfite in an aleohol-water mixture, and by addition of the hydrogen 
halide"? to ethylenesulfonic acid. The chloro compound also results 
from hydrolysis of the acid chloride which was obtained *" from potas- 


CH.»==CHSO3H + HX — XCH.CH2SO3H 


sium isethionatc. Heating cthane-1,2-disulfonyl chloride alone gives 


HOCH2CII2S03K + 2PCls + ClCH2CH2S02Cl + 2POCI3 + KCl + HCl 


this same acid chloride, while with acetamide '!** ammonium 2-chloro- 


(CH2802C)) 2 CICH2CH2802CI + SO2 
CICH2CH2Br+KSCN — CICH2,CH:SCN+KBr 
CICH2CH2SCN+13HNO3 — ClCH2CH2S03H +CO2+14NO2+6H20 


ethane-1-sulfonate results. Another method of preparation utilizes 
ethylene chlorobromide.1!3 

The silver salt is stable in water solution at ordinary temperatures 
but silver chloride precipitates from the boiling solution. Sodium 
2-bromoethane-1-sulfonate 1‘ is slightly hygroscopic. The properties of 
the crystals of several other salts of the bromo compound have been 
studied in detail.> The reaction of the halosulfonic acids with am- 
monia and amines is given under taurine. 

1-Chlorocthane-1-sulfonic acid has been obtained in small yields by 
the action of sodium sulfite upon ethylidene chloride.** Acetaldchyde 
and aldehyde resins were present as by-products. The sulfonyl chlo- 
ride is formed in 50% yield when £-trithio-para-acetaldehyde is chlo- 
rinated ®¢127 in water suspension or in glacial acetic acid. With boil- 
ing water this is converted into the sulfonic acid. Boiling methanol 
yields the same product but with boiling ethanol no change occurs, a 
temperature of 130° being necessary for reaction to take place. Acid 
formation probably occurs through the ester. 


CH3CHCISO2CI + ROH — CHsCHClSOsR + HCl 
CHsCHCISO3R + ROH — CHsCHCISO3H + R2O 


With sodium methoxide it is possible to obtain the methyl ester in a 
pure state. 

Treating 1-chloroethane-1-sulfonyl chloride with phosphorus penta- 
chloride at 200° in a sealed tube yields 1,1-dichloroethane. By reduc- 
tion the thiol is formed apparently without removing the halogen. An 
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attempt to prepare the sulfinate by the action of zinc dust gave zinc 
ethanesulfonate. This reaction does not occur, however, unless a trace 
of water is present. The sulfonyl chloride distils at 70° (13 mm.) and 
the amide °@ 317 melts at 66°. Other reactions of this compound and 
the corresponding hydroxy compound are involved in the controversy 
concerning the structure of aldehyde bisulfite addition products and 
will be discussed later. 

1,2-Dibromoethanesulfonic acid is obtained by addition of hydrogen 
bromide to an unsaturated acid.22*8 


CH2=CBrSO3K + HBr — BrCHeCHBrSO3K 


This hydrolyzes slowly in boiling water solution while with alkali the 


CH2BrCHBr8O3K + He2O — HOCH2CHBr8SO3K + HBr 


other bromine and the sulfonate group are removed. 


BrCH2,CHBrSO3sK + 2KOH — BrCH2CHO + KBr + K2SO3 + H2O 


Zine dust removes both bromines readily. 


BrCH2eCHBrSO3K + Zn — CHe==CHS8O3K + ZnBrez 


Potassium 1,2-dibromocthanesulfonate is only slightly soluble in cold 
water and insoluble in alcohol. 

2-Chloro-1-bromoethane-1-sulfonie acid results from addition of 
hydrogen chloride to the unsaturated compound *27 mentioned above. 
The acid chloride was obtained as an oil. 


HiguHer ALKANESULFONIC ACIDS 


The methods used in preparing the straight-chain sulfonic acids with 
a terminal sulfo group have already been described.**?.?5 2628 The 
physical properties of aqueous solutions of these acids and their salts 
have received extensive investigation, chiefly at the hands of McBain 
and Tartar and their co-workers **°118 in recent years. These com- 
pounds exhibit the properties of colloidal electrolytes. The first de- 
parture from the behavior of ordinary electrolytes was observed with 
the seven-carbon acid in solutions above 0.4 N while with the higher 
members of the series only in extreme dilution does the Debye- 
Hiickel-Onsager behavior hold. 

A more detailed description of the properties of 1-hexadecanesulfonic 
acid 4 will aid in visualizing the properties of the long-chain sulfonic 
acids. Although the free acid is difficult to obtain pure from water or 
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ethyl alcohol solutions, it can be crystallized from ether to give a white 
solid of m.p. 53-54°. It is only slightly soluble in water at room tem- 
perature but it dissolves readily above 50° and in the ordinary organic 
solvents at room temperature. An 0.0008 N aqueous solution is 
slightly turbid but the 0.3 N solution is a gelatinous mass which does 
not flow. The solutions are clear at 90° even after long standing. At 
90° a 1.0 N solution is so viscous that bubbles of hydrogen rise through 
it very slowly.” The degree of dissociation as measured by conduc- 
tivity is about 25% for 0.1 Nw, 85% for 0.0001 Nw, and 30% for 0.5 
Nw solution which is similar to the behavior of sodium and potassium 
soaps. The degrees of dissociation at 90° calculated by conductivity, 
lowering of vapor pressure, and emf measurements are 29.8, 38.4, and 
63% respectively. These results have been discussed by McBain and 
Williams.**® The conductimetric titration is similar to that of hydro- 
chloric acid.?® 

The sodium salt is soluble in hot water to give a soapy solution 
while the barium salt is only four times as soluble as barium sulfate. 
The solubilities of a considerable number of salts have been re- 
ported.?8 1169 In general, the sodium salts of the higher alkanesulfonic 
acids show rapid increases in solubility in a temperature range that is 
characteristic for each salt. Thus from 37° to 47.5° the solubility of 
sodium 1-hexadecanesulfonate increases from 0.013 to 0.035 g. per 
100 g. of water, while from 50° to 62° the increase is from 0.1 g. to 
11.6 g.118 With sodium octadecanesulfonate temperatures about 10° 
higher are necessary to reach these solubilities. Extensive data are 
given in the original literature. 
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Sulfonic acids in which the sulfo group is attached to the side chain 
of an aromatic nucleus may well be considered here. Since the benzene 
ring sulfonates more readily than most aliphatic groups these are not 
usually prepared by direct substitution reactions. Toluene-w-sulfonic 
acid ®¢119 is most readily obtained from benzyl! chloride and an alkali 
sulfite in alkaline solution. It has also been obtained by heating ben- 
zyl chloride with a solution of sodium hydrosulfite in the presence of 
zine dust,!?° by oxidation of benzyl disulfide with nitric acid }** and 
from heating methyl benzyl ketone with concentrated sulfuric acid.1*? 
The free acid forms hygroscopic crystals. In aqueous solution it is 


CeHsCH2COCHs + H2SO, — CeHsCH2SO3H + CH3;COOH 
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highly ionized.1#* Oxidation with hydrogen peroxide °? removes the 
sulfo group, benzaldehyde resulting. Fusion with potassium hydroxide 
produces a complex mixture ?** of substances from which were sepa- 
rated benzene, toluene, potassium benzoate, potassium sulfite, and a 
solid of undetermined composition melting at 110°. The sodium salt 
upon pyrolysis 11°* gives tetraphenylthiophene, stilbene, benzaldehyde, 
benzoic acid, sulfur, and sulfur dioxide. When heated with potassium 
cyanide }* the sulfonate group is replaced. 


CeHsCH2SOsNa + KCN — CsHsCHeCN + KNaSO3 


By warming with phosphorus pentachloride alone ?** or in the pres- 
ence of some phosphorus oxychloride 71°? toluene-w-sulfony! chloride is 
produced, but at a higher temperature benzyl chloride results. The 
chlorination of benzy] isothiourea or thiocyanate also gives the sulfonyl 
chloride.*5-¢ The fluoride, m.p. 90-91°, has been prepared by the ac- 
tion of potassium fluoride upon the sulfonyl] chloride.*® Upon standing, 
the sodium salt slowly evolves benzaldehyde.21%¢ 

Thermal decomposition of the sulfonyl chloride eliminates sulfur 
dioxide.1*> Reduction with zinc in alcohol gives, besides the sulfinic 


Ce6HsCH2802Cl — CeHsCHeCl + SO2 


acid, benzyl sulfone, benzaldehyde, and sulfur dioxide. Reaction 
with triethylamine in the absence of air ?*° gives stilbene as one prod- 
uct. 

Toluenc-w-sulfonamide, prepared from the sulfonyl chloride and 
ammonia or ammonium carbonate, alkylates readily 11°? when treated 
with alkali and an alky] iodide or a-halogenated ester. With hydrogen 
iodide and phosphonium iodide 1°74 at 85-100° the amide is reduced to 
benzyl iodide and hydrogen sulfide. A series of N-alkylsulfonamides 
prepared from aliphatic amines and the sulfonyl chloride have been 
suggested as derivatives for identifying the amines.}?”? 

Chlorination of sodium toluene-w-sulfonate in cold aqueous solution 
gives a mixture of the 2- and 4-chloro compounds.’?* In hot solution 
a mixture of 2,5-, 2,4-, and 3,4-dichloro compounds results, and a 
long-continued chlorination yields chiefly 2,4,5-trichlorotoluene-w-sul- 
fonic acid. The structures of these chlorinated products follow from 
their oxidation to the corresponding chlorobenzoic acids. The 2-chloro 
compound has also been prepared from the action of sodium sulfite 
upon 2-chlorobenzy! chloride ?”° and the 4-chloro isomer similarly from 
4-chlorobenzy] bromide.?#* Nitration 2° gives, with the former¥com- 
pound, 2-chloro-5-nitrotoluene-w-sulfonic acid. The 4-chloro isomer 
dinitrates ?*? to the 3,5-dinitro compound. 
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Cl Cl 


O2N NOz 
+ 2HNO; — + 2H20 


CH2S03Na CH2SO3Na 


Sodium p-bromotoluene-w-sulfonate has been prepared 3%? similarly to 
the chloro compound and also by the diazo reaction.‘#*® Nitra- 
tion 119-2183 of sodium toluene-w-sulfonate gives chiefly the 4-isomer 
together with some of the 2- and 3-compounds, and further reaction 
forms the 2,4-dinitro derivative. All three mononitro compounds have 
also been prepared by action of sodium sulfite upon the corresponding 
benzyl halides.** By reduction of the nitro group various compounds 
were obtained which are of no particular interest, however, from the 
standpoint of sulfur chemistry. 2-Chlorotoluene-w-sulfonyl chloride 
upon chlorination at 150-180° gives 2-chlorobenzotrichloride.1* 
p-Nitrotoluene-w-sulfonyl chloride loses sulfur dioxide when heated to 
130°.119 Sodium p-methyltoluenc-w-sulfonate has been prepared from 
p-methylbenzy] chloride and sodium sulfite.1#* 

The two isomeric phenylethanesulfonic acids and the alpha sulfo 
derivatives of 1-phenylpropane and n-butane have been prepared 17°15? 
from the corresponding bromides and/or chlorides. When 1-bromo- 
1-phenylethane is refluxed with ammonium sulfite styrene is formed 
and this reacts with ammonium bisulfite to yield 1-phenylethane-2- 
sulfonic acid, but if the reaction is carried out at room temperature 
in the presence of excess ammonia a 50% yield of the normal reaction 
product results.77° The action of phosphorus pentachloride upon a 
1-phenylethane-1-sulfonate has been reported ?°° to give 1-phenyl-1- 
chloroethane, although earlier **? the sulfonyl chloride was mentioned 
as melting at 79°. 1-(2,4-Dichlorophenyl)-1-chlorcethane with so- 
dium sulfite gives only the alcohol. Resolution of the dl forms of the 
sulfonic acids mentioned above was accomplished in the usual fashion. 

Diphenylchloromethane with aqueous sodium sulfite gives the 
ether 188 rather than the sodium sulfonate. The sulfonic acid has been 


(CeHs)2CHCl + H20 — (CeHsCH)20 + 2HCI 
obtained, however, by hydrolysis of the ester obtained from the reac- 
tion of diphenyldiazomethane with alcoholic sulfur dioxide.1?% 
(CgHs)2CN2 + CH30H + 8O2 — (CeHs)2CHSOsCHs3 + Ne 
(CeHs)2CHSOsCH3 + H20 — (CeHs)2CHSOsH + CH30H 


In a patent it is claimed 1° that arylolefins such as styrene, safrole, 
and indene react with chlorosulfonic acid in ether to yield sulfonic 
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acids containing chlorine. Structures of the products were not given. 

A number of triarylmethanesulfonic acids are known of which the 
most interesting are the compounds involved in the Schiff’s reagent test 
for aldehydes. Triphenylmethylcarbinol **#° and the corresponding 
p-tolyl compound react very slowly with a slightly acidified sodium bi- 
sulfite solution to give the sodium sulfonates. Tri-p-anisylearbinol 
reacts in a few minutes under the same conditions. 


(CeHs)3COH + NaHSOz — (CeHs)3CSOsNa + H20 


Sodium p-anisyldiphenylmethanesulfonate results from the action of 
sodium sulfite upon the chloride.41 The corresponding p-hydroxy 
compound is formed from the action of sodium bisulfite upon fuchsone. 
The salts of these sulfonic acids are stable in neutral or alkaline solu- 


(CeHs)2C=< =O + NaHSO3 — (CoHs)2C(SO3Na)CyH,OH 


tion but upon boiling with acid the triarylearbinol and sulfur dioxide 
are formed. Amino- and dialkylaminotriarylmethanesulfonic acids re- 
sult from the action of sulfurous acid upon dyestuffs of the malachite 
green and pararosaniline type.** Either the free base or a salt may 


(HeNCeH4)2C=CoHa==NH + H2SO3 — (HeNCeH4)2C—CeH4NHe 
SO3H 


be used. The sulfonic acids are unstable, being decomposed either by 
acid or alkali upon boiling. Heating the colorless solution of one of 
these sulfonic acids results in a reversible decomposition with forma- 
tion of the dye.** ‘Recombination occurs on cooling. The light-colored 
crystals of the hydrochloride turn violet in the air owing to formation 
of the salt of the dye with the leuco-sulfonie acid. 

The nature of the reaction involving an aldehyde, a solution con- 
taining the sulfonic acid from fuchsin, and excess sulfur dioxide has 
been very carefully investigated.1** The results are summarized in 
the equations. 


RCHO + H2803 
Cet yen 


{ 
(HeNCgH4)3CSO3H + 3RCHOHSO3H _ 


Colorless complex 
H 


| 
(R—C—NHC.6H4)3CSO3H + 3H20 
S03H 
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Where the aldehyde is formaldehyde all the amino groups react, while 
with other aldehydes only two enter into the condensation. This con- 
densation product is unstable and reverts to a quinoid form with loss 
of sulfur dioxide and water. : 


ea a aS _ 
SO3H 


(R—CH—NHC6H4)2C=CsHi=NCH(SO3H)R + H20 + S02 
| 
SOsH 
AMINOSULFONIC ACIDS 


a-Aminosulfonic Acids. It has been reported **° that the compounds 
obtained by the action of amines with the sodium bisulfite addition 
product of formaldehyde are derivatives of methanesulfonic acid. 


HCHO + NaHSO3 + NH3 _ NH-2CH2SO3Na + H20 


The evidence for this is that the amino compound reacts with nitrosyl 
chloride to form chloromethanesulfonic acid identical with that from 
methylene chloride. 


NH2CH2S0sNa ~“S CICH2S0;Na —— CH2Cle 
Similar compounds have been made from acetaldehyde, isobutyral- 
dehyde, isovaleraldehyde, benzaldehyde, and substituted benzalde- 
hydes.*#*¢4 Schroeter 2#® has claimed that this evidence is not con- 
clusive because the true aminosulfonic acids such as taurine are neutral 
to phenolphthalein, while those obtained from aldehydes are monobasic 
acids. It was further claimed by Schroeter that a true «-amino acid 
had been prepared by him and would be described later. This work 
has apparently not put in its appearance, however. These reactions 
have a decided bearing upon the structure assigned to bisulfite addition 
products of aldehydes and ketones. Amides derived from amino- 
methanesulfonic acid or a similar compound and an acid chloride such 
as palmity! chloride have been patented as wetting, cleansing, and dis- 


NH2CH2S803Na + Ci7H3sCOCI] + NaOH — 

Ci7H3s CONHCH28O3Na + NaCl + H20 
persing agents.*#*¢ The condensation of aminomethanesulfonic acid 
with formaldehyde and a sulfonamide ?*** has also been described. 


Arylaminomethanesulfonic acids have been obtained by the action 
of an aromatic amine with sodium hydroxymethanesulfonate ?*" and 
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with other aldehyde bisulfite addition compounds.**”® It is highly 
probable that the products obtained by the action of sulfurous acid 
upon a Schiff’s base,**?? and from amine sulfites and aldehydes 1474 also 
belong in this category. A particularly interesting substance is that 
obtained from bis-(4-aminophenyl) sulfone, cinnamic aldehyde, and 
sodium bisulfite; *#7¢ this and other similar compounds have a sulfanil- 


(HeNCgH4)2802 + 2CsHsCH=CHCHO — 
(CeHsCH=CH—CH=NCoH4) 2802 Bsesasschire 
[CeHs—CH(SO3Na)CH2CH (SOsNa) NHC¢H4]2802 


amide type of pharmacological action.1#7 

2-Aminoethanesulfonic Acid: Occurrence and Preparation. In an 
investigation of the various constituents of ox bile 7** a nitrogen-con- 
taining weakly acidic substance was isolated which was found to be 
soluble in water but only slightly so in alcohol. It was not until con- 
siderably later 4° that the presence of sulfur in the compound was 
noted. Aside from bile in which 2-aminoethane-1-sulfonic acid (tau- 
rine) is present as the amide of cholic acid 4°75 it has been found in 
various 7*? parts of several organisms. The best natural source for 
preparative purposes is said to be the large muscle of the abalone,}*? 
74 kg. of muscles yielding 362 g. of taurine. Hydrolysis of sodium 
tauroglycocholate requires approximately 3 hours of refluxing with 
4 N hydrochloric acid.1* 

Taurine is probably produced in the animal body from waste sulfur- 
containing materials as they pass through the liver. The oxidation and 
decarboxylation of cystine which has been suggested ?°* as the natural 
source of taurine has also been carried out in the laboratory.155¢ %/ 
That taurine is a waste product is further indicated by its lack of 
dietary value as shown by feeding experiments.2*°4 On the other 
hand, its presence in blood agar facilitates the growth of certain micro- 
organisms.*55¢ 

Although the yield of taurine obtained from cystine is fair ?55%? 
(59%) this does not furnish a practical method of preparation, since 
no inexpensive way of obtaining cystine is known. In this connection 
it is interesting to note that although oxidation of cystine with hydro- 
gen peroxide #55? gives a 40% yield of taurine, if cystamine hydrochlo- 
ride is the starting material, most of the sulfur appears as sulfuric acid. 

Taurine has been synthesized in a number of ways which do not 
depend upon naturally occurring substances as starting materials. 
Strecker ?°* claimed that heating ammonium isethionate to 210° gave 
a small yield of the amino acid. Although this indicated the correct 
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structure, later +57 investigators have becn unable to verify this state- 
ment. The structure was soon made certain by Kolbe’s synthesis 45? 158 
from 2-chloroethanesulfonic acid and ammonia. A similar method 
involving the more readily available sodium 2-bromoethanesulfo- 
nate 145.159 is probably the most satisfactory way of making taurine 
on a laboratory scale so far devised. The analogous reaction of am- 
monia with ethionic acid has been patented ?®° as a method of prepa- 
ration. 


HO;SOCH2CH2S803H + 3NHs3 — HzNCH2CH2803H + (NH4)2804 


Taurine has also been obtained by the addition of sulfurous acid to 
ethylene imine,!“!* from 2-bromoethylamine and ammonium or sodium 
sulfite,#*-182%4 by addition of ammonia to sodium ethylenesulfo- 
nate,?°4* by oxidation of 2-mercaptothiazolinc with bromine water,1® 


CHz Brg + HzO 
| Po Si ———-—» HeNCH2CH2803H+C02+Tl804 


CH2—NII 
and from acctaldchyde by the scrics of reactions indicated below. 


CH;CHO “24, HO3;SCH2CHO 3} NH40;SCH2CHOHNH> — 2° 


NH,0;SCH»CH=NH —2» HO;SCH2CH:NH>» 


Taurine and some of its derivatives have been prepared by the action 
of ammonia or an amine upon isethionic acid or other hydroxysulfonic 
acid under pressure,}*:1 one patent ?** generalizing the reaction to 
include a large number of compounds and mentioning the bencficial 
effect. upon the reaction of the presence of a highly ionized neutral or 
alkaline salt. The acid sulfate ester of ethanolamine or a similar com- 
pound may be heated with aqueous sodium sulfite in an autoclave.1® 


HeNCHeCH20S803Na + NaesO3 i=. 
HeNCH2CH2S0O3Na + Na2SO4 
CeHsCHz2N—CH2CH20803Na ++ NaeSO3 => 


CeHs 
CeHsCHz2N—CH2CH2803Na + Nae2SO4 
CeHs 

Many N-alkyl and N-ary! derivatives of taurine have been prepared 
by the action of an amine upon a 2-haloethanesulfonic acid 145-187 and 
some alkyl] derivatives by alkylation of taurine with an alkyl iodide 1* 
or condensation with an aldehyde followed by reduction.1*¢ It is 
claimed in the patent literature 1*8° that such compounds may also be 
made from sulfonated ethers and also by the action of amines upon 
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O(CH2CH2S03Na)2 + 2RNH2 ~ 2RNHC2Hs4SO3Na + H20 
isethionic acid,?** as already mentioned. The trimethyl] compound of 


150-300° 
> 


HOCH2CH2803Na + (C2Hs)2NH 
(C2Hs)2NCH2CH2803Na + H20 


the betaine type has been obtained by methylation of taurine.?® 

2-Aminoethanesulfonic Acid and Derivatives: Properties and Re- 
actions. As already mentioned, taurine is a weakly acidic compound. 
Determination of the ionization constant has given various values, two 
more recent 77° ones being 1.8 & 10°® and 5.77 * 10-!°. Aqueous solu- 
tions of taurine have dielectric constants higher than that of water, 
the increase being linearly proportional to the concentration.‘ Other 
saltlike compounds in which the positive and negative ions are in the 
same molecule (dipolar ions) giving rise to permanent dipoles have 
similar effects. 

Taurine is remarkably stable to oxidizing agents in acid solution. 
It is unaffected by sulfuric acid, boiling nitric acid, aqua regia or dry 
chlorine.1’* The sulfur is completely converted to sulfate, however, by 
fusion with sodium carbonate and potassium nitrate. When heated to 
dryness with sodium hydroxide solution, ammonia is evolved prac- 
tically quantitatively and acidifying the residue gives sulfur dioxide 
and some acetic acid. It is difficult to account for the presence of the 
acetic acid if the sulfo group is removed as sulfite. Several reactions 
must occur simultaneously. 

Heating with barium hydroxide solution to 220° gives ammonia and 
a secondary amine.’ Boiling a water solution of taurine with excess 


(NH2CH2CH2803)2Ba — NHs3 + NH(CH2CH2S803)2Ba 


of a suspension of mercuric oxide gives a water-insoluble basic salt 
with the formula (NH2CH,CH2SO;).Hg-HgO, whereas excess taurine 
forms the soluble normal salt. Various other heavy metal salts have 
been prepared.?74 

The reaction of taurine with nitrous acid occurs normally with lib- 
eration of nitrogen and formation of isethionic acid.*58* Treatment 
with cyanamide yields an alcohol-insoluble product similar to the one 
produced from glycine.178® With the azide of cholic acid the naturally 
occurring taurocholic acid results.17> By heating with phthalic anhy- 
dride or succinic acid the corresponding imide is formed.1”* 


CO CO 
SO + HeNCH2CH2S803K i? Es + H20 
CO 
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These imides are decomposed by heating with alcoholic ammonia at 
120°. 


CO CO 
ees att + NH3 — he -+ NH2CH2CH2S03H 
IC 


Acetic anhydride converts the sodium salt of taurine into the acetyl 
derivative!» Benzoylation **7 is conveniently carried out in aqueous 
barium hydroxide with benzoyl chloride. This amide hydrolyzes 
easily. Amides derived from the combination of taurine and its 
N-alkyl] derivatives with high-molecular-weight, fatty, or sulfonic acids 
such as oleic or octadecanesulfonic are of value as wetting, cleansing, 
and dispersing agents.‘7* Of the compounds of this type the most im- 
portant is the one marketed as Igepon T, which has the structure 
a ae a) This is a neu- 


CHs3 
tral salt with good detergent properties which is stable in both acidic 
and alkaline solutions.*7* 

A number of other types of long-chain groups have been attached 
to the nitrogen of taurine through a variety of reagents.” Formulas 
for some of these compounds are shown. 

Ci7H33NHCONHCH2CH2S803Na 
O 


| 
[C4HpCH(C2Hs)CH20CH2]2eCHOCNHCH2CH2803Na, 
(Ci12HesNHCONHCH2CH2)eNCH2CH2S03 Na 
p-CsHi7CeHsaOCH2CONHCH2CH2S03Na 
O 


sbietyLOUNECH:CHSONa 
RCONHCH2NHCH2CH2803Na 
The compounds obtained from the reaction of N-methyltaurine with 
octadecyl isothiocyanate,?*"? alkyl chloroformates,}77 and formalde- 
hyde with an amide *7** have likewise been patented. 
CisH37 NHCSN(CH3)CH2CH2SO3Na 
ROCON(CH3)CH2CH2SO3Na 
C17H33 CONHCH2N(CH3)CH2CH2SO3Na 
Condensation of an a-bromoacyl bromide with taurine in alkaline 
solution followed by treatment of the reaction product with ammonia 
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yields a dipeptide.t®°* Glycyl and dl-leucyltaurine have been obtained 
in this manner. 

Taurine in water solution reacts with phenyl! isocyanate to give the 
urea derivative 1®® which is characterized by a barium salt only 
slightly soluble in water. The free acid is readily soluble. 2-Naphthyl 
isocyanate 1®!* behaves similarly. 


CeHsNCO + HezNCH2CH2803H — CeHsNHCONHCH2CH2803H 


Taurine is reported ‘°° to give a strong pyrrole test. 

The N-alky! derivatives of taurine are weak acids similar to taurine 
except for the trimethyl compound, which is of the betaine type }** and 
hence neutral. N-Methyltaurine shows an abnormal reactivity to- 
ward nitrous acid in that nitrogen is reported 1*7* as one of the prod- 
ucts. Reaction with cyanamide takes place as with taurine. 


CHsNHCH2CH2803H + N==C—NH2 — 
HeNC(==NH)N(CH3)CH2CH2803H 


The N-chloro compounds, RNCICH2CH,SO3H, have been patented as 
bleaching agents.1® 

The trimethyl compound is characterized by the great ease with 
which it is decomposed by aqueous alkali *° or even upon boiling in 
alcohol.1%8¢ 


(CHs)sNCH2CH2S05 + NaOH — (CH3)3N + HOCH2CH2S03Na 


Homologs of Taurine. A few other amino acids of the taurine type 
may be mentioned briefly here. 1-Aminopropane-2-sulfonic acid has 
been prepared by oxidizing a dimethylthiazoline ‘** or the correspond- 
ing methylpiperidine compound.1* 


CH;CH—, : 
Oe cory 22, CH,CH(GOsH)CHANE2 


CH2—NY 

CHsCH 
* ONCsHio “™°; CHsCH(S0sH)CH:NHe 
‘CH2—-N7 


The iminomethylthiazoline requires two steps to convert it to the sul- 
fonic acid.t® 


CH3CH. Br;-H,0 CHsCHSO3sH Ba(OH)s 
I Cann a — 
CHe—-NH CHzNHCONH2 
CH3CHSO3H 


CH2NHe 
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The addition of sulfurous acid to propylene imine likewise yields a 
sulfonic acid.18 3-Bromo-l-aminopropane-2-sulfoniec acid has, been 
prepared by the following sequence of reactions.'*7* Reduction with 


BrCHeCH— : 
CH2BrCHBrCH2NCS B ciacniaan |  cocsth Bry+H20 
CH.—N7 
BrCH2CH(SO3H)CH2NH2 


zine and sulfuric acid replaces the bromine with hydrogen. Alcoholic 
potassium hydroxide splits out hydrogen bromide. Barium hydroxide 
in water gives the cyclic imino compound which may also be the prod- 
uct with the potassium hydroxide. 3 


BrCH2CHSOsba pom,  CH2z—CHSOsba 
| maeeune | 
H.NCH2 HN-———CH, 


Treating this with hydrogen bromide regenerates the original com- 
pound. 

An attempt to prepare 1-aminopropanc-2-sulfonie acid by the action 
of sodium sulfite upon 2-bromo-1l-propylamine gave the isomcric 
2-aminopropanc-1-sulfonic acid.1*5* This probably occurs through in- 
termediate formation of the imine. 


Na,SO3 NaHSO; 


CHsCHBrCH2NH2 ——> CH3 CHCH2 — CH3CHNH2CH2S03Na 
‘NY’ 
H 
This acid and its N-alky] derivatives may also be obtained by reduc- 
tion of the addition product (or mixture) of an amine or ammonia 
with sodium acetonesulfonate.1® A 8-sulfonated isopropy] ether reacts 
CHsCOCH:SO3Na + NH3 —» CH3CHNH,CH2S03Na + H20 


with an aliphatic amine under pressure and high temperature 7° with 
loss of the oxygen. 


O[CH(CH3)CH2SO3Na]2 + 2C4HpNHe —- 
2C4HepNHCH(CH3)CH2SO03Na + H20 


1-Aminobutane-2-sulfonie acid is formed by oxidation of a thiol- 
ethylthiazoline.1#® 


CoHsCH—S ; C.HsCHSO3H 
OSH es 
One CH.NH2 
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The action of 40% aqueous methylamine upon sodium 2-butene-1,4- 
disulfonate in an autoclave produces an 80% yield of the methyl- 
aminodisulfonate.?*° 


NaO3SCH2zCH=CHCH2S8S03Na + CH3NHe — 
NaO3SCH2CH2CH (NHCH3)CH2SO3Na 
Several compounds are known in which the amino group is on the 


third carbon from the sulfonic acid. These likewise have been pre- 
pared by oxidation of cyclic sulfur-nitrogen rings.’° 


8s ee 
CH> CsH But™0, HoNCH»CH2CH»S03H 
\CH.—N 
CsHs—C—8——CHb 5,,45,0 
——?> 
N—CH2—CH2 


CeHsCONH(CH2)3S03H + NH2(CH2)3S03H 


The methyl] chloride addition product of this latter cyclic compound 
upon oxidation yields 3-methylaminopropane-1-sulfonic acid. 3-Ami- 
nopropane-1-sulfonic acid also has been synthesized by the hydrol- 
ysis of the phthalimido compound with alkali, and from the action of 


Co 
>NCHeCHe2CH2Br + Na2SO3 —- 
CO 
CO 
YNCH2CH2CH2S03Na + NaBr 
CO 


CO 
a CH2CH2CH2803Na + 2NaOQH — 
Cc 


COONa 
+ HeNCHeCHeCH2803Na 
COONa 


sulfurous acid upon trimethyleneimine.1**? 
A derivative of isohexane has been obtained as follows.1* 


CH:—CHCHs gino 
(CHa) aK Sg SHO, (CHs)2C (NH2)CH2CHCH; 
N====CSH { 
SO3H 
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4-Aminobutane-l-sulfonic acid has been obtained from the bromo- 
butylphthalimide, whereas 5-aminopentane-l-sulfonic acid has been 
prepared as indicated by the equations.*45? 


CsHsCONH(CH2)sC] “28%, CsHsCONH(CHz2);S03Na “*3, 
H2N(CH2)sSO3Na 


An w-aminodecanesulfonic acid has been produced by the action of 
hydrazoic acid upon the sulfoundecanoic acid resulting from sodium 
sulfite and the hydrogen bromide addition product of undecylenic 
acid.145> The basicity of the amino group increases as the number of 
mcthylenes between it and the sulfo group increases. 

Hydroxyaminosulfonates and their derivatives are discussed under 
hydroxysulfonie acids. 

Two types of sulfonic acids containing cyclic nitrogen may be in- 
cluded here. Sulfonic acids of piperidine and its homologs have been 
prepared by catalytic hydrogenation of pyridinesulfonie acids.1*? 

Sulfonic acids containing the pyridone group may be prepared by 
condensing sodium chloromethanesulfonate and other similar com- 
pounds with pyridone or its alkali metal salts.1** 


CsHsONNa + CICH2SO3Na — CsH4ONCH2SO3Na + NaCl 


HYDROXYSULFONIC ACIDS 


Aldehyde and Ketone Bisulfites. Only comparatively recently has 
it become clear that the bisulfite addition products of aldehydes and 
ketones are hydroxysulfonic acid derivatives rather than sulfites, and 
in many textbooks they are still not given a definite structure. 

Practically all aliphatic aldehydes undergo reaction with metal bi- 
sulfites.1°* n-Butyl-n-hexylacetaldehyde reacts very slowly **°* and 
the 1-aldehydo-2-methy]-5-isopropylcyclohexane addition product }**? 
is decomposed even by cold water. Undecenal?* gives a polymer 
rather than an addition product. Phenyldimethylacetaldehyde and 
diphenylethylacetaldehyde do not react.’*” It is not clear whether the 
lack of reaction is due to replacement of all three hydrogens by larger 
groups or whether the presence of an aromatic nucleus restricts the 
reaction. It has been mentioned that chloral +** and bromal }** do 
react. The addition products formed from sugars such as d-glucose 
and arabinose are much less stable than those from simple alde- 
hydes.?0° 

In general aromatic aldehydes readily add a bisulfite.2*2 Exceptions 
are the aldehydes derived from thymol and carvacrol.?“ 
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Many ketones do not react with a bisulfite. With the exception of 
ethyl ketone which reacts slowly and to a limited extent ?° only 
ketones containing either a methyl group attached to the carbonyl ?%* 
or having the carbonyl part of a ring system 2° of from four to seven 
or perhaps more carbon atoms combine appreciably. No systematic 
study of the effect of substituents in the ring of cyclic ketones upon 
bisulfite addition is available but some of the observations reported 
are interesting. Whereas menthone does not add sodium bisulfite 2° 
the isomeric carvomenthone forms an unstable product.?%* 3,5-Di- 
methyleyclohexanone and 3-methyl-5-isopropyleyclohcxanone also re- 
act ?° while the 2,3,6-trimethyl compound does not.?! The finding 
that 2-isopropyleyclohexanone and particularly 2-methyl-6-isopropy]l- 
cyclohexanone react with sodium bisulfite 2°" is not in accord with the 
behavior of other similar compounds. 

2-Methyl-4-isobutyleyclopentanone combines rapidly with bisulfite 
in the presence of alcohol °°! as does a methyl-tert-buty] derivative 2°5 
but information is lacking for other substituted cyclopentanones. The 
unsaturated 3,5,5-trimethyl-2-cyclohexanone ?°™ and isopulegone 2°" 
do not react with bisulfite while camphorphorone *° with sulfurous 
acid yields a stable sulfonic acid. Of the bicyclic ketones 8-thujone 

(tanacetone) reacts ?°5 and a-decalone 7°5¢ gives an unstable addition 
product but carone ?°*" and camphor are not affected. 

* Methyl ketones do not add bisulfite if the other group is large or 
highly branched 7° as in 3,4-dimethyl-2-pentanone. Reports in the 
literature concerning ketones that might be expected to be borderline 
cases do not give a clear idea of which compounds react and which ones 
do not because of probable differences in experimental procedures. 
For example methyl cyclopropyl] ketone does not react with potassium 
bisulfite 2°°¢ while both methyl and ethyl cyclobuty] ketones do com- 
bine with sodium bisulfite,2°* the latter only in the presence of excess 
sulfur dioxide. 

Ketones in which one or both groups are of an aromatic nature do 
not add bisulfites.2°? A variety of ethyl higher-alkyl ketones have 
been mentioned ?°* as not reacting; such compounds as pentadecy]l 
ketone 7 are also inert. 

The formation of a bisulfite addition product has been utilized in the 
quantitative determination of a number of aldehydes. Formaldehyde 
may be determined by addition of excess bisulfite to its solution and 
titrating for the decrease in acid hydrogen 7*° employing phenolphthal- 
ein as indicator. Another procedure depends upon the titration of un- 
used bisulfite with iodine; ?** the addition produot is not affected. 
Aldehydes and some ketones found in natural oils may be determined 
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by measuring the decrease in volume of a sample of oil after it has 
been warmed with a sodium sulfite solution.24* Most unsaturated 
ketones take up two moles of sodium bisulfite.24* Camphor, men- 
thone, and fenchone, however, do not react at all. The reaction with 
formaldehyde is more rapid than for any other aldehyde or ketone. 
Several aspects of the reaction of aldehydes and ketones with bi- 
sulfites have been studied quantitatively. Wagner *** has found that 
formaldehyde is converted to the addition product by two bimolecular 
processes, the first of which is twenty times as fast as the second. 


HCHO + HSO; — HOCH2SO; 
HCHO + SO;~ + H20 — HOCH2SO; + OH 


The reaction of benzaldehyde with sodium bisulfite has been investi- 
gated in detail.*45* The reaction is reversible with the equilibrium 
favoring the addition product. The rate of dissociation is dependent 
upon the hydrogen-ion concentration; it is a minimum at pH 1.8 and 
very rapid in neutral solution. The equilibrium constant likewise 
varies with the pH, an alkaline solution favoring the decomposition 
products. In the pH range 3 to 13 the addition product results from 
interaction of the aldchyde and sulfite ion rather than bisulfite ion. 

A study of the dissociation of the acetaldehyde addition product **°? 
showed that at pH 6-8 it is small (less than 5%) while at pH 8-10.5 
it increases to 50%. Above pH 12 practically complete dissociation 
occurs. If the addition compound is distilled with aqueous sodium bi- 
carbonate all the aldchyde is liberated. 

The structure of bisulfite compounds has been the subject of numer- 
ous investigations and much controversy. The preparation of a salt 
of “hydroxymethanesulfonic acid” presumably isomeric with the prod- 
uct obtained from formaldehyde and a bisulfite *** and having different 
properties indicated that there was not a carbon-sulfur linkage in the 
addition compounds. More recently Raschig and Prahl 2?” have shown 
that Miiller’s “hydroxymethanesulfonic acid” was actually acetone- 
1,8-disulfonic acid and his “hydroxydisulfonic acid” acetonetrisulfonic 
acid. The “hydroxymethanesulfonic acid” of Glimm 27*?18 was found 
to be methy] hydrogen sulfate. Schroeter and co-workers 7° reported 
that the hydrolysis of diphenyl dimethylmethionate, (CHg)2C (SO3Cgu- 
Hs)e, gave the hydroxysulfonate (CH;)2C(OH)SO3Na, which differed 
from the supposed addition product obtained from acetone. However, 
this addition product was shown to be actually the methy] ether of 
the hydroxysulfonate.?"7 

The positive evidence for the hydroxysulfonate structure is now 
quite convincing. Raschig and Prahl #17 found that the condensation 
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product of the formaldehyde addition product and ethyl] acetoacetate 
is a true sulfonate. 


OH 
CH3COCH2COOC2Hs -+ Hac = 
SOsK 
CH3COCH(CH2S03K)COOC2Hs + H20 


CH3COCH(CH2S03K)COOC2Hs ~—+ CHsCOCH2CH2S03K 


CH2COOC2Hs 


| 
CH2S03K 


Backer and Mulder **° showed that the amino compound derived from 
formaldehyde, sodium bisulfite, and ammonia is converted by nitrosy] 
chloride into sodium chloromethanesulfonic acid. An even more com- 


HOCH:S03Na > HeNCH.SO;Na ~-“» CICHSO3Na 


plete proof of structure has been supplied by Lauer and Langkam- 
mercr; **1 acctylation of the formaldchyde addition product was found 
to give an acctate identical with that obtained from potassium iodo- 
methancsulfonate. 


HOCH2803K — CH3;COOCH2S803K «<- ICH2SO3K 


The physical properties of the hydroxysulfonates are in accord with 
their structure. Their absorption spectra contain a band at 4992 A. 
characteristic of sulfonic acids **? and differing from that of sulfites. 
The conductivity of solutions of the free acids is high, indicating the 
presence of typical sulfonic acids.?*??8 

The second hydrogen is weakly acidic; the value of 7 x 10°'° for 
the dissociation constant was found for the benzaldehyde addition 
product. The addition of acetone to a sulfurous acid solution increases 
the conductivity appreciably *?4* even though the reaction is incom- 
plete and the mixing of liquid sulfur dioxide with acetone or an alde- 
hyde also leads to compound formation.?*4° 

a-Hydroxysulfonie acids undergo a variety of reactions. They de- 
compose in either acid or alkaline solutions 7***?5 giving the original 
carbonyl compounds. Sodium nitrite is a particularly good reagent 
for recovering aldehydes, the reaction occurring more rapidly than 
can be accounted for by the alkalinity alone.**® Isovaleraldehyde was 
recovered in a 90% yield, a result at least as good as obtained with 
potassium carbonate solution. Reduction of potassium hydroxymeth- 
anesulfonate with zine dust gives Rongalite, the corresponding hydrox- 
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ysulfinate.??® 22% As already mentioned, e-hydroxysulfonates are not 
oxidized by iodine in acid or neutral solution but reaction does occur 
in alkaline solution.??* 


HOCH2SO3Na+2I2+5NaOH — HCOONa-+NaH80,+4Nal+3H20 


Acetone bisulfite has been suggested for photographic solutions 2? 
because it is more stable than the sulfite alone. 

Hydroxymethanesulfonic acid condenses with phenols,”*’ a reaction 
analogous to that occurring with ethyl acetoacetate. 


CeH;0H + HOCH2SO3Na —_ HOCsHsaCH2803Na + H2O 


The condensation of arsphenamine with formaldehyde and sodium 
bisulfite apparently leads to a compound which has an ether type of 
structure rather than new carbon-carbon linkages.*°° One of the amino 
groups also reacts in the formation of sulfarsphenamine. The reaction 
with ammonia and amines has been mentioned under e-aminosulfonic 
acids. Condensation likewise takes place with hydroxylamine and 
hydrazine.??7 

Replacement of the sulfo group by reaction with an alkali cyanide 
occurs readily and this is frequently the most convenient method for 
preparing hydroxynitriles 7°: since it eliminates the handling of hy- 


RCHOHSO3Na + KCN — RCHOHCN + NaKSO3 


drogen cyanide. However, the anisaldehyde bisulfite gives a resinous 
mass from which only a compound CosH2s40;Ne could be isolated.?*? 

In a study of the physiological properties of hydroxysulfonates it 
was found that the most stable member of the series, that derived from 
formaldehyde, was least toxic and that the d-glucose derivative was of 
comparatively high activity. Apparently the compound most readily 
dissociated to sulfite is most toxic.?%° 

The behavior of the bisulfite addition products of methyl glyoxime 
and its chlorine derivative, CH;COC(NOH)Cl, toward various re- 
agents has been described.”** 

Isethionic Acid: Preparation. The longest known and most inves- 
tigated hydroxysulfonic acid is the first member of the 8-hydroxyacid 
series, commonly known as isethionic acid. There has been a renewed 
interest in this compound of recent years because certain of its deriva- 
tives are detergents or wetting agents. 

It was first recorded by Magnus 7% 78° that the action of sulfur tri- 
oxide upon ethyl alcohol or ether gives ethionic acid which can be 
hydrolyzed to isethionic acid. 
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C2H;OH 22 C,H;0S03H 22> HOsSCH2CH2OSO3H 


HOsSCH2CH20803H + H20 —- HOsSCH2CH20H + HeSO« 


The sulfonation of barium ethyl sulfate produces similar results.?%7 
Liebig 7%? was the first to obtain barium ethionate in a state of purity 
and report its composition correctly. 

A comprehensive investigation of the action of sulfur trioxide upon 
ethyl ether 28° resulted in the isolation of a number of products and 
the formulation of the reaction in the following steps. 


(C2Hs5)20+S80s3 (cold)—>(C2Hs)2804 


CH2—OS802 
(C2Hs5)2804+3S03—HO3SCH2CH20803H + | » 
CHz2——-S0O2 


CH»—080- 
(CoHs)2804+2803—>CoHsHSO4+ | Yo 
CH;—S02 


HO3SCH2CH20S03H+2803—CH2(S03H)2+2802+C02+ H20 


From 1.3 kg. of ether and 1.5 kg. of sulfur trioxide, 600 g. of ethyl 
sulfate was obtained. By increasing the sulfur trioxide used to 2.1 kg., 
750 g. of isethionic acid was formed. From 100 g. of ethyl sulfate and 
88 g. of sulfur trioxide, 5.4 g. of barium methionate, CH2(SO3)2Ba, 
also was recovered. The best method found for obtaining isethionic 
acid was to pass gaseous sulfur trioxide into dry ether at 0°, treat the 
reaction mixture with water to recover the ethyl sulfate (which may 
be further sulfonated) and hydrolyze the ethionic acid by boiling the 
solution. 

Sulfur trioxide acts readily 4° upon ethylene with formation of white 
crystals of carbyl sulfate that hydrolyze first to ethionic acid and 


CH2——-SO2_ 0 CH2SOsH 49 CH2S03H 
CoHa + 2803 — | Oo-— ~——> 
CH2~—-O—SO2 CH20S03H CH20H 


finally to isethionic acid. Carbyl sulfate has also been obtained as a 
primary product ** in the action of sulfur trioxide upon ethy] alcohol 
but not from ether and this reagent. Sulfur dioxide has been patented 
as a solvent for carrying out sulfonations of olefins and alcohols in 
the preparation of isethionic acid and its homologs.**? Although chloro- 
sulfonic acid adds to ethylene to give chiefly ethyl chlorosulfonate, 
ethionic acid is also found *#* in small amount in the hydrolysis prod- 
uct owing to further sulfonation of the ethyl chlorosulfonate. 
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Sodium isethionate has also been obtained by the reaction of sodium 
sulfite upon ethylene chlorohydrin,?*4 and from ethylene oxide reacting 
with the bisulfite.14%> 245 


CHz—CHe + NaHSO3 — HOCH2CH2803Na 
O 


Isethionic Acid: Properties and Reactions, Although the structure 
of isethionic acid was deduccd “4° from its relationship to taurine, the 
first proof of its atomic arrangement was the oxidation to sulfoacctic 
acid.47 Heating ammonium isethionate *** results in the formation of 
the cther rather than the amide. Other salts were found to behave 
similarly. 

2HOCH2CH2SO3NH4 — O(CH2CH2SOs3NH4)2 + H2O 
This ether also has been prepared by oxidation of the dithiol and from 
B-chlorocthyl] ether and ammonium sulfite.*4°* The disulfonamide re- 
acts with formaldehyde to give a resinous material.?# 

Potassium isethionate with phosphorus pentachloride forms chloro- 
ethanesulfonyl chloride *°°* whereas the acctate **”? reacts only at the 
sulfo group. 


CHsCOOCH2CH2SO3K + PCls — 
CHsCOOCH2CH2802Cl + KCl + POCIs 


It is possible to replace the hydroxyl group by chlorine by heating 
isethionic acid with hydrochloric acid.*5+ 

Esters of isethionic acid suitable for use as detergents 17** may be 
made by action of an acid chloride upon the hydroxy acid or from 
2-chloroethanesulfonic acid.*5*4%¢ Esters of alkylbenzoic acids are 


C17H33COC!1 +HOCH2CH2803Na = Ci 7H33 COOCH2CH2SOsNa+ HCl 
RCOONa+ClCH2CH2803Na — RCOOCH2CH2S03Na+ NaCl 


formed by heating tle sulfonic acid with the free benzoic acid.178@. *528 


RCsHsCOOH+ HOCH2CH2803H — RCeHsCOOCH2CH2803H + H20 


More recently a great variety of ethers of isethionic acid have been 
prepared and suggested as having detergent activity. These may be 
obtained by action of a sodium alcoholate or phenolate upon a chloro- 
ethancsulfonate,?*8*-®@/ from sodium sulfite and a chloro ether,?5**9 or 
even by heating an alcohol such as octadecy] alcohol with the isethionic 


ArOCH2CH20CH2CH2Cl + Na2SO3 _ 
ArOCH2CH20CH2CH2S03Na + NaCl 


acid.258¢ 
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CiglI370H + HOCH2CH2803H — CigHs7OCH2CH2S03H + He2O 


By heating together iscthionic acid and an aminobenzoic acid or 
ester *°* at 140° there is presumably formed the sulfonamide of the 
acid. 


HOCH2CH2803H + NH2CyHaCOOCe2Hs = 
HOCH2CH2802NHCsH4COOH + C2H50H 


The product is stable to hydrochloric acid but is hydrolyzed by alkali. 
This behavior is more characteristic of an ester of the carboxyl group, 
suggesting that the compound is really a benzoate, particularly since 
benzvie acid also reacts. 


HOCH2CH2803H + ArCOOH —>» ArCOOCH2CH2803H + H20 


It is not possible to esterify isethionic acid by heating with alcohol 
in the presence of hydrogen chloride and the yield is minute when the 
silver salt is heated with ethyl iodide. 

1-Bromo-2-hydroxyethanc-1-sulfonic acid has been obtained 2** by 
reaction of the bromocthylenesulfonic acid with water. Sodium amal- 


CH2==CBrS03H + H20 -» CHsOH—-CHBr803H 


gam reduces it to isethionic acid. The action of barium permanganate 
results in oxidation to bromosulfoacctic acid, silver oxide yields gly- 
colic acid, and nitric acid gives oxalic acid as the final product. Heat- 
ing the potassium salt to 225° produces the ether as with salts of 
‘isethionic acid. 


2HOCH2CHBr8S03K — O(CH2zCHBrSO3K)2 + HzO 


With acetic anhydride the acetate results. By treating bromoethylene- 
sulfonic acid with sulfuric acid at 75° bromoethionic acid is formed. 
This readily undergoes hydrolysis. 


CH2=CBrSO3H + HeS04 — 
HO3SOCH2CHBrsO3H ae HOCH2CHBrs03H 


Miscellaneous Hydroxysulfonic Acids. A number of homologs and 
analogs of isethionic acid are known.?®* The reaction of ammonium 
sulfite with isobutylene bromohydrin ?°* is normal giving the 2-meth- 
yl-2-hydroxypropane-1-sulfonate. 

The reaction of olefins of higher molecular weight than ethylene with 
sulfur trioxide is complicated by side reactions, although this reaction 
has been mentioned in the patent literature.2*°? Products from olefins 
and pyrosulfuryl chloride 7°** also have been described. 
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Olefins with the double bond at the end of the chain react with 
dioxane sulfotrioxide to give higher homologs of carbyl sulfate which 
hydrolyze readily to the hydroxy sulfonic acids.?*? 


RCH=CH2 + 20(C2H,)20803 — 
RCHOSO2CH2S03 22> RCHOHCH2S03H + H2804 
aa 


Sulfonation of n-propyl alcohol with sulfur trioxide,?°* reduction of 
sulfopropionaldehyde,”"* and addition of potassium bisulfite to allyl 
alcohol #¢ all give 3-hydroxypropane-l-sulfonic acid or a salt. 
4-Bromobutane-l-sulfonic acid has been hydrolyzed to the hydroxy 
acid 7°°¢ and 6-hydroxyhexane-1-sulfonic acid 7°” has been made from 
hexamethylene chlorohydrin. Esters of this, like those of isethionic 
acid, are surface-active agents. Esters of 1-hydroxybutane-2-sulfonic 
acid °* have also been mentioned, as have derivatives of sodium 
2-hydroxycyclohexane-1-sulfonate.?*? The hydroxy acid is claimed to 
result from the reaction of sulfuric acid with cyclohexene in the pres- 
ence of acetic acid and acetic anhydride.?*** The sulfonic acid struc- 
ture was assigned because of the resistance to hydrolysis of the prod- 
uct in alkaline solution. The reaction of sulfur dioxide and chlo- 
rine with olefins, followed by hydrolysis, also gives hydroxysulfonic 
acids,?627 

A product which has the composition of an octanesultone,?®”* pre- 
sumably that derived from 3-hydroxyoctane-1-sulfonic acid, has been 
isolated from the residues obtained by treating petroleum with sulfuric 
acid. However, attempts to convert the sulfonic acid obtained from 
y-hydroxyoctyl iodide into this sultone have not been successful and 
its structure must be regarded as uncertain.?*° A sultone has also been 
obtained by the action of sulfur trioxide in acetic acid ?°¢ or sulfonic 
acid in acetic anhydride ?*¢ upon camphene. Since the sultone was 
also obtained from 2-hydroxycamphane-w-sulfonic acid the sulfonation 
involves a rearrangement. The sulfonation of nitrocamphenes 76 
gives similar results. 

Epichlorohydrin combines with sodium bisulfite readily 7 at 100° 
with formation of a sulfonic acid which has also been obtained from 


ClICH2CH-~—-CHz + NaHSOz -+ CICH2z2CHOHCH2SO3Na 
fe) 


sodium sulfite and glycerol «-dichlorohydrin,?** from the sulfonation 
of allyl chloride,?*¢ and from the oxidation of the chlorohydroxy- 
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thiol.2*# The corresponding disulfonic acid results by using an excess 
of alkali sulfite 2°° with the dichlorohydrin. 

The reaction of 3-chloro-2-hydroxypropane-1-sulfonic acid with ni- 
trogen bases yields wetting agents.°” 


CICH2zCHOHCH2S03Na + Ci2H2sN(CH3)2 — 


+ 
Ci2HesN(CH3)2C H2CHOHCH2S8O; + NaCl 


Acyl derivatives of 3-amino-2-methoxypropane-1-sulfonic acid have 
likewise been mentioned in this connection.*° The sulfonation of 
higher chlorinated olefins has been described.?6°4 

Unsaturated alcohols related to the terpenes add sodium bisulfite 
readily with the formation of water soluble sodium sulfonates.2** Cin- 
namyl alcohol reacts somewhat less easily. The esters of these alco- 
hols do not react in this way. This may possibly be due to the 
smaller solubility of the esters in the sodium bisulfite solution. 

Ethers and esters of dihydroxy acids are mentioned in the patent 
literature. Sulfonation of unsaturated ethers ?°* presumably gives hy- 
droxy sulfonates as does the reaction of sodium sulfite with the ethers 
obtained from epichlorohydrin 2° and alcohols or phenols. 


O 
fo 
Ci2Hes0H + ClCH2,—CH-—~CHez — 


Na 2SO3 


Ci2Hes0CH2CHOHCH2Cl ———> C2H2s0CH2aCHOHCH2SO3Na 


Ethers have also been obtained from the oxide ?** and diesters 27% 
have been made from the bromohydrin. 


ROCH2CHCH2 + NaHSO; — 


ROCH2CHOHCH2803Na 
CH,.OHCHOHCH2Br — RCOOCH2(RCOO)CHCH2Br — 
RCOOCH2(RCOO)CHCH2803Na 
Sodium 2,3-epoxypropane-1-sulfonate reacts with fatty acids to give 
mono .esters.?2°° Esters have also been obtained by heating the di- 
O 
CH2CHCH280;Na + RCOOH -+ RCOOCH2CHOHCH.SOsNa 


hydroxy sulfonate with a variety of acids.“°? Esters obtained from 
1,3-dihydroxypropane-2-sulfonic acid have also been described.?*°? The 
sulfonation of the acetates of unsaturated hydroxy compounds may 
yield sulfonic acids.?7°4 
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As is pointed out later, the sulfonation of unsaturated fats and oils 
gives sulfonic acids that probably contain hydroxy] groups, but their 
structures are uncertain. 
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The preparation of a considerable number of sulfonic acids has been 
accomplished through the addition of an alkali bisulfite to an unsatu- 
rated aldehyde or ketone in which the double bond is conjugated with 
the carbonyl group. Direct sulfonation of a ketone has been practical 
chiefly for the camphorsulfonic acids, and the replacement of halogen 
by sulfo groups has been tried in only a few instances. 

Aldehydesulfonic Acids. Sulfoacetaldehyde results from hydrolysis 
of an amide of formylmethionic acid with hydrochloric acid,?* and 
possibly from the treatment of potassium isethionate with fuming sul- 


OCHCH[SO2N (C2H5)CeHos]2 + 3H20 — 
OCHCH2803H + H2S04 + 2CgHsNHC2Hs 


furie acid.#****72, The bisulfite addition product of sulfoacetaldehyde 
is probably formed in the reaction of 1,1,2-trichloro- or tribromo- 
ethane with an alkali sulfite.?7* 


BrCH2CHBre + 3(NH4)2803 + H20 —- 
NH,0O38SCH2CHOHSO3:NH, + 3NH,Br + NH4HSO3 


Chlorosulfoacetaldehyde results from the action of fuming sulfuric 
acid upon acetylene dichloride.?”4 


HH H H yo .H H 
CIC=CCI + 2803 > CIC-———CC] —*» CIC—C=0 


S03H 
$030280 


The sulfonic acid is hydrolyzed by 60% sulfuric acid to chloroacetalde- 
hyde and is oxidized by oxygen in alkaline solution or by hydrogen 
peroxide to chlorosulfoacetic acid. 

Acetaldehydedisulfonic acid and its chloro and bromo derivatives 
are mentioned in connection with the preparation of methionic 
acid (see p. 157). 8-Sulfopropionaldehyde ***-?75, g-sulfobutyralde- 
hyde,??*?7* and a-methyl-6-sulfovaleraldehyde 2"? have been obtained 
from the corresponding unsaturated aldehydes. A disulfopropionalde- 
hyde is mentioned under alkylmethionic acids. The addition of sodium 


*See under “Methionic Acid” for disulfonic acids containing the carbonyl 
group. 
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bisulfite to citronellal,??8 in which the double bond is not conjugated 
with the carbonyl group, gives the normal aldehyde addition product 
in the absence of excess sulfur dioxide when the reaction is carried out 
at 0°. In the presence of some sodium sulfite the sulfonic acid is 
formed from which the aldehyde cannot be recovered, dilute alkali 


(CH3)2C==CHCH2CH2—CH(CHs)CH2CHO + 2NaHSO;3 — 
(CH3)2C(SO3Na) (CH2)sCH(CH3) CH2CHOHSO3Na 


giving the sulfodihydrocitronellal. 

The reaction of sodium bisulfite with citral 27° is more complex be- 
cause of the presence of two olefinic linkages, one of these being con- 
jugated with the aldehyde group. Here again the normal bisulfite ad- 
dition compound can be obtained under specific conditions, the pres- 
ence of an acid such as acctie being necessary. By carrying out the 
reaction with a mixture of sodium sulfite and sodium bicarbonate an 
addition product is obtained containing two molecules of bisulfite 
which is decomposed by dilute alkali into citral. The structure of 
this compound is not certain but it seems probable that it is as shown, 
since this would account for its reactions with alkali. It gives a semi- 


(CH2)2C==CHCH2CH2C(CH3) (SO3Na) CHCHOHSO3Na 


carbazone which was interpreted to mean the presence of a free alde- 
hyde group. This reaction might come through rearrangement to the 
isomeric disulfonic acid, through dissociation of the aldehyde addition 
product, or if semi-carbazide acts like ammonia or hydrazine the re- 
action might also be formulated in the following fashion. 
RCHOHSO3Na + NH2eNHCONH2 — 

RCH(NHNHCONH)2)SO3Na + H20 


By acid treatment the “labile” addition product is converted into an 
isomeric compound, one that also results by addition of two moles of 
sodium bisulfite to citral in acid solution. Further investigation is 
necessary to elucidate completely the nature of these reaction products. 


(CH3)2C==CH(CH2)2C==CHCHO + 2NaHSO3 — 
CH3 
(CH3)2C(SO3Na)(CH2)3C (SO3Na)CH2CHO 
CHs3 


Ketonesulfonic Acids. Potassium acetonesulfonate is obtained by 
heating chloroacetone with potassium sulfite solution.” It is un- 
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affected by warming with dilute mineral acids but it is cleaved by 
alkali. The free acid was obtained only as a syrup. By treating phen- 
acyl bromide with sodium sulfite in aqueous alcohol solution a 90% 
yield of sodium benzoylmethanesulfonate results.281 When this is 
warmed with sodium hydroxide, cleavage to sodium benzoate occurs.?®? 
It reacts with a diazonium chloride to give the arylhydrazone. 


CeHsN2Cl + CeHsCOCH2SO03Na ~—> CeHsCOCSO3Na + HCl 
N—NHCo6Hs 


Chlorine removes the sulfo group and substitutes in the ring attached 
to nitrogen. 


CeHsCOCSO3Na 
+ 2Cle + H20 — 
NNHC¢Hs 
CeHsCOCCl 
+ 2HCl + NaHSO. 
NNHC¢H4Cl 


Practically all unsaturated ketones add sodium bisulfite at the 
carbon-carbon double bond as well as at the ketone group. As exam- 
ples, allylacetone,?** mesityl oxide,?** phorone, carvone,?*> 2-methyl-2- 
cyclopentenone-1,?** and a large number of unsaturated compounds 
containing aryl groups 787 may be cited. Pulegone gives the “normal” 
addition product with sodium bisulfite,?** but with sulfur dioxide in 
alcohol at 20° a sulfonic acid results.2°° The salts of this acid which 
contain non-poisonous metals are physiologically inactive. Sabinol is 
converted into its sulfonic acid at 0° in a similar manner. On heating 
with potassium hydroxide, this is changed into an alcohol which after 
reduction and then oxidation gives thujone. Its structure is, however, 
not entirely certain. 

Some of the sulfonic acids produced in this fashion have been shown 
to decompose with alkali ?**? with formation of the original or an iso- 
meric unsaturated ketone. 

The sulfonation of pulegone with sulfuric acid in acetic anhydride **° 
yields a cyclic sulfonate that undergoes hydrolysis with hot sodium 
hydroxide. 

CioHieO + HeSO4 iia cL CioH14803 + [2H20] 

A number of higher-molecular-weight sulfonic acids obtained from 
ketones have been found to have wetting or detergent properties.?°"» 79 
Such compounds are those from oleone and palmitone,?*!* alkyl aryl 
ketones,”°? and cholestenone.?** In this last case it is surprising that 
substitution rather than addition occurs. 
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Hy gH HsC CsHiz 
H;C B30 


Hs 80c + (CH2C0) 40 
eee neememneee } 
1) 


SOsH 


There is some analogy between the reaction of B-ketosulfonic ?** and 
carboxylic acids; acetonesulfonic acid when heated with concentrated 
sulfuric or phosphoric acid loses sulfur dioxide. To be strictly analo- 
gous this should be sulfur trioxide, but the reaction which does occur 
indicates a reactivity of the sulfo group above that of an unsubstituted 
acid. The phenylhydrazone with phosphorus trichloride forms a cyclic 
compound. 


CH;C=NNHC;H; > CH;C==N 


ee, Ca 
CH2S03K CH2 NCcHs 


SO2 


Camphorsulfonic Acids. Sulfonic acids derived from d-camphor 
and a-bromo-d-camphor have been studied extensively because of their 
usefulness in the resolution of basic compounds. Reychler ?** found it 
possible to sulfonate camphor in acetic anhydride solution with sul- 
furic acid to form a crystalline camphorsulfonic acid, m.p. 193-195°. 
The structure of this acid has been thoroughly 7** investigated, the 10- 
or 8-position of the sulfo group being most convincingly shown by the 
following reactions. 


CH2S03H CH2S0.2Cl 

HC —¢ m0 HC aa an 

CH3CCH3 —  |CHsCCHs Bolen 

H.C——C——CH,  H,0C——C——-CHp 

H H 
C-C—80 COOH 
Hie —0— Om Hel —¢—CO 
| cust 238, | CHaCCH; 
HoC——C-——-CH2 12 aan g TENET gy 5 
i H 
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The ketopinic acid structure is known from other reactions. 

The corresponding sulfo derivatives of |-camphor and dl-camphor ?°7 
have also been prepared. 

Fusion of the d-camphor-§-sulfonic acid with potassium hydrox- 
ide °° converts it into a-campholenic acid. By reduction with sodium 
in aleohol two isomeric hydroxysulfonic acids result,?°° one of which 
can be dehydrated to the sultone. d-Camphor-8-sulfonamide under 
the influence of a trace of alkali is converted into a cyclic compound 
as follows. 


pene ane. 

N 

Ho — 0 CHs—C—C" 
Jouscen, ee | CH;CCH;| + H,0 


HeC C CHe2 CH2.—C——-CH2 

H H 
In an examination of the anomalous mutarotation of primary amine 
salts of 10-camphorsulfonic acid it was found that these gradually lost 
water in anhydrous solvents with the furmation of ketimines.?°° 


CH2S80; (NH3R) + CH2S03H 
CH2z—C-——-C=0O CH2—C——-C=N—R 
| CH OCH, ~ | CHCCH, + H20 
pai ae oa i mi 


Sulfonation of d-camphor with chlorosulfonic acid or fuming sulfuric 
acid °°? gives a racemic sulfo compound, dl-camphor-m (or 8-}-sulfonic 
acid. The optically active forms have been obtained **? by reduction 
of the corresponding bromosulfonic acids, and by resolution *°8 of the 
inactive compound. Heating dl-camphor-a-sulfonyl chloride to 190° 
eliminates sulfur dioxide.*°”4 


CH3 CHs 
eee ae aa as ea 
| os eed | - | CH3CCH2Cl + S802 
H2C C-—--—--CHa2 HeC-—-C—--—-CHa 
H H 


Conversion of the sulfonyl chloride to the sulfoxide followed by oxida- 
tion ®°* gives the corresponding carboxylic acid as with the @-sulfonyl 
chloride. 
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Another d-camphorsulfonic acid has been obtained by the sulfonat- 
ing action of methyl] chlorosulfonate °° followed by hydrolysis. Oxida- 
tion gives camphoric acid so this must be the @- or 3-sulfonic acid. 
The methy] ester is soluble in alkali owing to the acidity of the hydro- 
gen attached to carbon between the keto and sulfonate groupings. 
Heating the sulfonic acid to 200° with aniline regenerates d-camphor 
and forms sulfanilic acid. 

Sulfonation of the a-chloro or a-bromo-d-camphor forms the corre- 
sponding f-sulfonic acids *°° or the w-sulfonic acids,8°%8°? depending 
upon the sulfonating conditions used. The #-compounds have been 
obtained in a pure state through the hydroxyhydrindamine salts. They 
show mutarotation in alkaline solution. Their sulfony] chlorides are 
isomorphous and by mixing d-chlorocamphorsulfonyl] chloride with 
l-bromocamphorsulfonyl chloride there is formed an “active race- 
mate.” *°§ The sulfonamides behave in an analogous manner. Oxida- 
tion of these sulfonic acids converts them into a camphoric acid deriv- 
ative.9°° 

The sulfonation of a-bromo-l-camphor *?° and of «-bromo-di-cam- 
phor *#* has been investigated. The sulfonic acid obtained in the latter 
case has also been obtained by mixing the active forms.*??_ The reso- 
lution of the dl compound with «-p-tolylethylamine *1 is readily car- 
ried out. dl,2-Dihydropapavarine has also been utilized °° for this 
purpose. 

8-Bromocamphor when sulfonated at 30-40° with sulfuric acid and 
acetic anhydride gives a 15-20% yield of the «-sulfonic acid.*** The 
corresponding sulfonyl bromide decomposes in builing xylene to give a 
mixture of ¢,8- and «’,8-dibromocamphor. Bromination of the sulfon- 
amide forms «,8-dibromocamphorsulfonamide whereas the acetyl de- 
rivative yields «’,@-dibromocamphor-«-sulfonamide. 


° ALIPHATIC SULFOCARBOXYLIC ACIDS 


The aliphatic a-sulfocarboxylic acids have been intensively inves- 
tigated during the last few years. Less information is available con- 
cerning the B- and y-sulfoacids but a number of them have been pre- 
pared. 


SULFOMONOCARBOXYLIC ACIDS 


General Methods of Preparation. The application of the reaction 
between a halogen compound and a metal sulfite to the preparation of 
a sulfocarboxylic acid was apparently first made by Strecker "5 in pre- 
paring sulfoacetic acid. This reaction has been studied for a large 
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number of halogenated fatty acids by Backer and Van Mels,**® who 
investigated the kinetics of the reaction. In Table VI are given the 
reaction velocity constants for the potassium salts of the acids with 
potassium sulfite. K is for a bimolecular reaction. The results ob- 
tained when sodium or ammonium salts were used are not greatly dif- 
ferent from those given in the table, the values of K being only slightly 
lower. 

For the compounds listed in Table VI, the side reactions are negligi- 
ble for the experimental conditions used. With other halogen com- 
pounds these may become important. For d-e-bromoisobutyric acid, 


TABLE VI 
HatoGenatep Acips ANp Potassium SULFITE 

Acip K at 25° Acip K at 25° 
CICH,COOH 0.00461 CICH,CH:,COOH 0.000532 
BrCH,COOH . 0.454 BrCH,CH,;,COOH 0.0205 
ICH.COOH 0.793 ICH,CH,COOH 0.0326 
CleCHCOOH 0.000117 CH3;CH,CHBrCOOH 0.0045 
CIBrCHCOOH 0.00331 CH3(CH2),CHBrCOOH 0.00234 
CH;CHCICOOH 0.000160 (CH3)eCHCHBrCOOII 0.000037 
CH3;CHBrCOOH 0.0134 CH3(CHe)sCHBrCOOH 0.0015 


CH;CHICOOH 0.0252 


hydrolysis proceeds much more rapidly than sulfonic acid formation. 
Bromomalonic acid is reduced, and ethylbromomalonic acid is both 
hydrolyzed and reduced. In the case of bromosuccinic acid the forma- 
tion of fumaric and maleic acids, hydrolysis to malic acid, and forma- 
tion of sulfosuccinic acid all occur simultaneously. 

Chlorosulfoacetic acid does not react in any way during two weeks’ 
standing, while the bromo compound is reduced to sulfoacetic acid. 
With dibromoacetic and a,a-dibromopropionic acids reduction and sul- 
fonic acid formation occur together. The «,8-dibromopropionic acid 
gives K = 0.0032, which is markedly less than either of the corre- 
sponding monobromo compounds. Which of the two bromines reacts 
the more rapidly was not determined. 

The esters of the halogenated acids react much more rapidly with 
potassium sulfite **7¢ than do the salts of the acids. For these reactions 
it is advantageous to use 40% ethy] alcohol as a solvent. 

The reaction of sodium thiosulfate with the salts of halogenated 
acids has also been investigated.2* The thiosulfonates formed are 
readily oxidized to the sulfonic acids. 

A thorough discussion of the various results obtained in the preced- 
ing work has been published.*2”* The conclusions drawn which are of 
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interest from the standpoint of the preparation of the sulfoacids are: 
(1) a bromo acid should be used; (2) with a chloro acid the addition 
of potassium iodide to the reaction mixture accelerates the reaction; 
(3) a low temperature and high concentrations of the reactants are 
desirable; (4) the use of 40% alcohol as a solvent speeds up the re- 
action to a marked degree as compared with the results in aqueous 
solution; (5) secondary reactions are reduced if an ester is used instead 
of the salt of the acid. With a salt of the acid, addition of the corre- 
sponding alkali salt also reduces the importance of side reactions by 
increasing the rapidity of sulfonate formation. 

The preparation of a-sulfo derivatives of the higher fatty acids such 
as lauric acid by treatment of the bromo compounds with an alkali 
sulfite in concentrated aqueous solution has been patented.#1* This 
reaction has also been applied *4° to the halogen acids obtained from 
oleic or ricinoleic acids by addition of halogen to the ethylenic linkage. 
The reaction of ammonium sulfite with ammonium e-bromophenyl- 
acetate 52°? at room temperature gives a 70% yield of the sulfo acid 
isolated as the barium salt. In addition, an appreciable quantity of 
mandelic acid is produced. At higher temperatures the hydrolysis re- 
action becomes predominant. The corresponding e-chloro acid gives 
only a 35% yield while the use of ethyl e-bromophcnylacetate produces 
a practically theoretical yield of the sulfo compound. These results 
are in general accord with the results of the kinetic measurements al- 
ready discussed. The action of ammonium sulfite upon an iodolactone 
related to piperic acid proceeds normally.*?%? 


CH2—CH—O—CO 
HOC 4 2 l (NH4)2803 
ICH———-CH2 
0; CH2—-——CH-—O0—CO 
Hac | | 
NH,03SCH————CH2 


Several a-sulfoacyl derivatives of urea and of guanidine have been 
prepared by the action of an alkali sulfite upon a corresponding chloro 
or bromo compound.*?! 

The sulfonation of fatty acids with various reagents has received 
much attention. The action of sulfuric acid *? or chlorosulfonic 
acid ®#8 upon acetic acid leads to the formation of sulfoacetic acid. By 
the use of sulfur trioxide ® it is possible to prepare the intermediate 
mixed anhydride which is stable enough to be isolated at 0° or below. 
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Sodium acetylsulfate is precipitated by sodium acetate from the acetic 
acid solution of the anhydride. 


CH3COOH + SO3 — CH3COOSO3H 
CH3COOSO3H + CHsCOONa — CH3COOSO3Na + CH3COOH 


Acetylsulfuric acid has also been prepared by the action of acetic an- 
hydride with sulfuric acid * and at a higher temperature from acetyl 
chloride and sulfuric acid.*** 


H2SO4 + CHsCOC] — CHsCOOSO3H + HCl 


Heating the acetylsulfuric acid gives rise to sulfoacctic acid and vari- 
ous by-products whereas the sodium salt °° either alone or with sodium 
acetate yiclds acetic anhydride. 


2CHsCOOSO3Na —> (CH3CO)20 + NazSeO07 
CH3COOSO3Na + CH3COONa — (CH3CO)20 + Na2SO4 


In the preparation of sulfoacetic acid from acetyl chloride and silver 
sulfate **7 the intermediate silver acetylsulfate must undergo a re- 
arrangement analogous to that of the free acid. 

Treatment of propionic acid with sulfur trioxide or propionic anhy- 
dride with sulfuric acid gives the mixed anhydride; *** this rearranges 
to the a-sulfonic acid when heated, but because of side reactions the 
yield is only 55%. Oleum reacts directly with propionic acid to give 
a 75% yield of the same compound. This indicates that the sulfonic 
acid may be formed in other ways than by rearrangement of the mixed 
anhydride. 

n-Butyric acid,°?55?° isobutyric acid,®*° n-valeric acid,?** isovaleric 
acid,®*? methylethylacetic acid,?** and methyl-n-propylacetic acid *4¢ 
have all been converted into a-sulfonic acids by direct sulfonation. 
Better yields of the a-sulfovaleric acid were obtained by sulfonation of 
n-propylmalonic acid and loss of carbon dioxide. A reaction **4° be- 
tween stearic acid and sulfuric acid may produce a sulfonic acid. The 
sulfonation method is not applicable in the preparation of aryl substi- 
tuted acids such as a-sulfophenylacetic acid 7°? as sulfonation of the 
aromatic nucleus occurs more easily than that of the side chain. Cam- 
phoric acid undergoes complex changes when heated with sulfuric acid 
to yield sulfocamphyllic acid.®#4? 

A study of the action of chlorosulfonic acid with some acy] chlorides 
has yielded interesting results. The reaction with acetyl chloride **5 
takes place even at a temperature of —10°, acetyl chlorosulfonate 
being the first product. Above 45° this rearranges to sulfoacety] 
chloride. 
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CH3COC! + ClSOsH — CHsCOOSO2CI + HCI 
CHsCOOSO2Cl — CH2(SO03H)COCI 


Above 60° with more chlorosulfonic acid further sulfonation occurs. 
The sulfony] chloride was not isolated as such but as methanedisulfonic 


HOsSCH2COC! + CISOsH — HOsSCH2802Cl + COz2 + HCl 


acid. About 3% of a complex pyrone derivative was also found in 
the reaction mixture. 

In a similar study of the sulfonation of propiony] chloride **® some 
sulfopropionic acid was isolated but a considerable amount of con- 
densation product was formed even at room temperature. In the re- 
action of butyryl chloride with chlorosulfonic acid **7 none of the sul- 
fonic acid was formed; carbon monoxide was evolved during the re- 
action and n-propyl ketone was isolated as one of the reaction prod- 
ucts. 

Sulfonation of the acid chlorides of higher acids including naphthenic 
acids at temperatures below 40° gives products stable to hard water 
that may be used as washing and emulsifying agents.*** The con- 
densation of sulfonic acids obtained from acid chlorides with phenol 
has also been suggested as a source of wetting agents.°*¥ The sulfona- 
tion of complex amides of stearic acid #®°° probably occurs in the steary] 
group. 

Sulfonation of chloroacetic acid with chlorosulfonic acid *#° at 
140-150° yields chlorosulfoacetic acid with chloromethanedisulfonic 
acid as a by-prdouct. Bromosulfoacetic acid has been prepared in 
70% yield by the action of sulfur trioxide *** upon bromoacetic acid. 


BrCH2,COOH + SO3 — BrCH2zCOOS0O3;H — BrCH(S03H)COOH 


Sulfonation of a-chloro-, or a-bromopropionic acid *#? gives only 25- 
30% yields of the sulfonic acid, halogenation of e-sulfopropionic acid 
being more satisfactory. 

The unsaturated fatty acids add sodium bisulfite readily to give the 
corresponding sulfonates. When the double bond is in the ¢-position, 
B-sulfonic acids always result. Thus B-sulfobutyric acid is formed in 
good yields *4* from crotonic acid. Similarly cinnamic and tropic acids 
add a bisulfite to give the two @-sulfophenylpropionic acids.*4* A 
number of halogen substituted unsaturated acids add a bisulfite and 
then lose hydrogen halide. Thus a-bromoacrylic acid *4° behaves as 
follows. 


CH.=CHBrCOONHs + NHsHSO3 > 
CH(SO3NHs)==CHCOOH + NH,Br 
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The resulting cts-@-sulfoacrylic acid is also formed from trans-f- 
chloroacrylic acid and concentrated ammonium sulfite at 70°. The 
cis-B-chloro acid similarly yields the trans-B-sulfo acid. This latter 
with strong potassium bisulfite is converted into 8,8-disulfopropionic 
acid. By the action of ammonium sulfite upon the a-bromo- or f- 
chlorocrotonic acids there always results the same #-sulfocrotonic 
acid **8 and a disulfobutyric acid, probably the 8,8-compound. The 
B-sulfocrotonic acid structure is evident from its reduction to f-sulfo- 
butyric acid. Halogenation converts it into an a-halo-8-sulfocrotonic 
acid. 

Benzoylacrylic acid reacts instantly with cold sodium bisulfite,®+? 
the keto group exerting an activating influence. 

Mention of the reaction of sodium bisulfite with coumarin and its 
derivatives may be made here.*47}#4® Dey and Row ** believe that 
this reaction proceeds as follows. 


8 oO. 
4 7 — OH 
+ NaHSO: o- 
¢, Au3CH : CH(S03Na) CH2COOH 
C 
H 


Good evidence for the presence of a phenolic group is available but 
the position of the sulfo group is assumed. If an alkyl or aryl group 
is attached to either of the unsaturated carbons no addition occurs; 
an acetyl or carbethoxy group does not have this inhibiting effect. 
3,6-Dinitrocoumarin with sodium sulfite yields 5-nitrosalicylaldehyde. 

6,7-Dihydroxycoumarin (aesculitin) adds sodium bisulfite to form a 
sulfonate *°° which was believed to have structure I or II. It seems 
likely that an opening of the lactone ring may have occurred here as 
with coumarin to give III. 


o. oS 
H Te H ie H OH 
H 
H SO3Na 
T 164 mm 


Treating the sodium salt with acetic anhydride eliminates sodium bi- 
sulfite giving the diacetate of the original product.2** Heating the 
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free acid to 95° also results in loss of the sulfo group with evolution 
of sulfur dioxide and water. 

Sodium bisulfite does not add to umbelliferone, daphnetine, diethyl- 
aesculitin, and triethylaesculetinic acid.*5 

Acetylenic acids and esters **? add bisulfites. Propiolic acid reacts 
with ammonium sulfite to give trans-B-sulfoacrylic acid.245 Methyl 
phenylpropiolate and methyl n-amylpropiolate give both mono- and 
disulfonates with sodium bisulfite *** whereas sodium phenylpropiolate 
adds only one mole of the reagent. 


CgHsC==CCOONa + NaHSOs — CgHsC==CHCOONa 
SO3Na 


Other bisulfite addition reactions are given under the preparation of 
sulfodicarboxylic acids. 

The conversion of unsaturated fatty acids or their glycerides into 
sulfonic acids has been mentioned frequently in the patent literature.3°# 
Such sulfonations may be effected in acetic acid or anhydride,?%8+%¢ 
sulfur dioxide,***¢ carbon tetrachloride,** or a highly chlorinated 
ethylene.*55.° In addition, the sulfonations have been carried out in 
the presence of such diverse reagents as salts of acetic or sulfoacetic 
acid,°5*f a variety of phosphorus compounds,®"** and chlorides of sul- 
fur, boron, and other elements.*** Having an alkyl hydrogen sulfate 
present also has been suggested.*5*-* If the sulfonation occurs in the 
presence of an aromatic hydrocarbon *5**? or phenol *5°" condensations 
likewise take place. Sulfonation of an oleic anilide may give a sul- 
fonic acid *°8* of the aliphatic type. 

Recently **8° the action of sulfuric acid on camphenecarboxylic acids 
has been investigated. Sulfonic acids and sultones are formed. 

The addition of chlorosulfonic acid to unsaturated acids may be con- 
sidered to be a general method for preparing chlorosulfonic acids al- 
though it has received little attention outside of the technical litera- 
ture. Thus, reaction occurs with undecylenic ***¢ and oleic *5*? acids to 
give chloro compounds that lose hydrogen chloride very readily. This 
method may also be applied to unsaturated hydroxy acids ®** if enough 
chlorosulfonic acid is used to react with both the aleohol group and the 
double bond. 

This method has been generalized in another manner by the claim ** 
that sulfonic acids are formed by the action of the “onium” compound 
of a sulfonating agent stronger than sulfuric acid with an unsaturated 
acid. That true sulfonic acids are formed by the action of various 
sulfonating agents upon castor oil and other unsaturated oils seems to 
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be no longer in doubt #5? but the precise nature of these acids is not 
yet known. 

Sulfoacetic Acid and Derivatives. Sulfoacetic acid has been ob- 
tained in several ways other than those given in the general discussion 
of preparation methods. It is formed in good yields by the oxidation 
of thioglycolic acid with dilute nitric acid,?** the corresponding disul- 
fide with hydrogen pcroxide,**® and of isethionic acid with chromic 
acid.*®* Oxidation of the disulfide of thioglycolic acid with silver sul- 
fate gives a mixture containing some sulfoacetic acid.2*° The ureide 
of sulfoacetic acid is hydrolyzed to barium sulfoacetate by barium 
hydroxide.**t Chlorosulfoacetic acid is reduced to the halogen-free 
compound by sodium amalgam.2%? The most practical method of 
preparation is probably by the chloroacetic acid-sodium sulfite re- 
action already discussed (sce p. 142). 

Sulfoacetic acid is a hygroscopic solid which crystallizes as a mono- 
hydrate 27!” of m.p. 84-86°. Unlike malonic acid it is a very stable 
compound, undergoing no decomposition when boiled in dilute acid or 
alkali solution. By heating to 190° with concentrated sulfuric acid, 
carbon dioxide is evolved. With heat alone decomposition sets in *75¢-° 
at 245°. Bromination at 120° in water solution forms an unstable acid 
which loses carbon dioxide to give dibromomethanesulfonic acid.5* 
Electrolytic oxidation °°? gives carbon dioxide and sulfuric acid. 

Sulfoacetic acid in acetic anhydride is an efficient condensing 
agent °°° for the preparation of pyrylium salts and other complex prod- 
ucts from methyl aryl ketones. Similarly a mixture of acety] chloride 
with 0.025 times its weight of concentrated sulfuric acid is superior to 
other catalysts ** for preparing benzopyrones and pyranones. Here 
also the active catalyst is probably sulfoacetic acid or a derivative of 
this. 

A thorough study has been made of various cobaltous and cupric 
salts °° of sulfoacetic and sulfopropionic acids including a number of 
the coordination compounds containing pyridine. Because of the dif- 
ference in acidity of the sulfo and carboxy groups the acid salts are 
sulfonates rather than acetates. The more common salts have been 
prepared by the investigators referred to under the preparation and 
reactions of the acid. By the reaction of phosphorus pentachloride 
upon the sodium salt, chlorination °° as well as acid chloride forma- 
tion occurs. From the dry silver salt and ethyl iodide there is ob- 
tained 975%87 the diethyl ester which was reported to undergo decom- 
position when distilled. Esterifying the free acid with ‘alcohol yields 
the monoethy] ester??? HOaSCHsCOOC2Hs. 
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High-molecular-weight esters of sulfoacetic acid obtained by the 
action of a compound such as cetyl chloroacetate with sodium sulfite °° 
are claimed to be of value as wetting, dispersing, emulsifying, or foam- 
producing agents. Similar claims are made for the amides made by 
the action of amines upon ethyl sodium sulfoacetate°*® or from the 
action of sodium sulfite upon N-alkylamides of chloroacetic acid.2"™ 
Amido esters of the general formula RCONHCH,CH.,OOCCH.SO,Na 
have been described in patents.3?°” Compounds with the structure 
RCOOCH.CH,.NHCOCH.SO;Na are also known.3? 


Cy7H3sNHe + NaOsSCH2COOC2Hs — 
Na0O3SCH2zCONHCi7H35 + C2Hs0H 
CICH2zCONHR + Na2SO; — NaOsSCH2zCONHR + NaCl 
The Halosulfoacetic Acids. Treating trichloroethylene with oleum 
followed by hydrolysis converts it into chlorosulfoacetic acid.” 


CleC=CHCl + 2803 — CleC cHc] 2°, HOOCCHCISO3H 


| | 

OSOs—SO2 
Interestingly enough, the acid can also be obtained from sym-dichloro- 
ethylene.?”? 


CHCI=CHCI + 2803; > CHCI—CHC! =2, HO;SCHCICHO 


| 

S030280 
2HOsSCHCICHO + O2 + 4NaOH —» 2NaOsSCHCICOONa + 4H20 
By boiling trichloroacetic acid with potassium sulfite one of the chlo- 


rines is removed by reduction and another replaced by a sulfo group to 
give potassium chlorusulfoacetate.?78 


ClsCCOOK + 2K2S03 + H20 — KO3SCHCICOOK + 2KCl + KHSO, 


The acid is also formed in small quantity by oxidation of pseudothio- 
hydantoin *#* with potassium chlorate and hydrochloric acid. 

The free acid exists as very hygroscopic needles. It is reduced by 
sodium amalgam to sulfoacetic acid,?*** a change which strangely 
enough also occurs by action of alcoholic ammonia at 140-160°. 
Bromination of the acid results both in bromine substitution and loss 
of carbon dioxide. 


HO3SCHCICOOH + Brz — HOsSCHCIBr + COz 


The resolution of chlorosulfoacetic acid into its optically active com- 
ponents has been accomplished by the slow crystallization of its alka- 
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loidal salts *** from cold aqueous solution and in better yield by the 
use of l-hydroxyhydrindamine ®* in methanol. Neutral salts of the 
active forms of the acid are slowly racemized in aqueous solution even 
at room temperature. This is greatly accelerated by hydroxyl ions 
and, of course, by higher temperatures. 

Bromosulfoacetic acid *7* has been prepared in 76% yield by bromi- 
nation of sulfoacetic acid in hydrobromic acid solution at 80° in a 
sealed tube using a trace of iodine as a catalyst. The free acid melts 
at 119.5°. 

The acid does not decompose in aqueous solution at 100°, but at 
200° carbon dioxide is evolved. The pure acid undergoes a peculiar 
oxidation-reduction reaction when heated at 120°. 


2HO;SCHBrCOOH — HO;sSCH2COOH + [HO3SCBreCOOH] 
[HOsSCBreCOOH] — CHBreSO3H + COz 


The dibromosulfoacctic acid is unstable and evolves carbon dioxide. 
The resolution of bromosulfoacetic acid has been accomplished 877 
by the cold crystallization of its alkaloidal salts as for the chlorine 
analog and also by the so-called method of hot crystallization using 
only the brucine salt. The racemization of the pure acid or its neutral 
salts is slow, but in alkaline solution proceeds very rapidly, quantita- 
tively more readily than for the chloro compound.*** 
Phenylsulfoacetic Acid. The preparation of phenylsulfoacetic acid 
has already been mentioned (see p. 143). Heating an aqueous solution 
of a neutral salt of this acid causes racemization *7° as with a halogen- 
ated sulfoacetic acid. Heating the free acid with aniline gives the 
anilide, whereas with o-phenylene diamine an amidine results. 


CeHsCH(SO3H)COOH + 2CgeHsNH2 — 
CeHsCH(SOs3H3NCsHs) CONHCeHs + H20 
CeHsCH(SO3H)COOH + CeHa(NHe)2 =. 


N.H 
CC(SOsH) Cos + 210 
NH 


a-Sulfopropionic Acid and Derivatives. The monohydrate of «-dl- 
sulfopropionic acid melts at 100.5°. The acid salts are weak acids **° 
apparently no stronger than propionic acid. It is probable that a neu- 
tral functional derivative such as the sulfonamide group would enhance 
the acid properties of the carboxyl group, but this is not true for the 


S-SULFOPROPIONIC ACID AND DERIVATIVES 151 


sulfonate ion. Resolution of the acid has been effected by the use of 
strychnine.*** Reaction of the dl-acid with aromatic amines gives the 
arylammonium sulfonate of the carboxamide.**? 

The preparation of the a-chloro- and «-bromosulfopropionic acids 
has already been mentioned.*42 Both compounds have been resolved 
by means of their strychnine salts. The active forms are not race- 
mized as are the corresponding acetic acid derivatives. This is no 
doubt because of the absence of hydrogen in the alpha position to the 
carboxy] group. 

a-Sulfo-B-phenylpropionic acid *** results from the reaction of a 
concentrated potassium pyrosulfite solution at 0° upon benzylbromo- 
acetic acid. The active forms are racemized by heating in alkaline 
solution at 100° for several hours. 

B-Sulfopropionic Acid and Derivatives; Cysteic Acid. -Sulfopro- 
pionic acid has been prepared by the action of ammonium sulfite upon 
B-iodopropionic acid 31°" #%4 and through the catalytic reduction of the 
cis and trans B-sulfoacrylic acids.2% It is one of the products formed 
in the action of a cupric,®** silver,’® or mercuric salt °°’ upon bis-(B- 
carboxyethyl) disulfide. The reactions that occur are shown by the 
equations. 


4(HOOCCH2CH2S)2 + 9H20 + 10CuSO4 > 
5CuOOCCH2CH28Cu + 3HOOCCH2CH2803H + 10H2804 
3(NaQOCCH2CH28)2 + 5Ag2804 + 3H20 — 
5AgOOCCH2CH2S8Ag + 5NaHSO4 + HOOCCH2CH2803Na 


Several derivatives of the acid have been prepared by Bigelow and 
co-workers.®** The action of ammonia produces a cyclic imide. 


He— 


C SO2 
ClO2SCH2CH2COCi + 4NH3 — | aes + 2NH,Cl 


H2—C 
Neutral alky] esters were obtained from the silver salt. 


AgO3SCH2CH2COOAg+2C2HsI — C2HsOs3SCH2CH2COOC2H5+2Agl 


It has been mentioned earlier that the conversion of cystine or 
cysteine to taurine (see p. 119) can be effected by oxidation and de- 
carboxylation.+541554.> The intermediate cysteic acid (a#-amino-£-sul- 
fopropionic acid) may be obtained in a variety of ways. Oxidation 
of cystine by oxygen occurs in the presence of hydrochloric but not 
sulfuric acid.*8* Copper salts accelerate the reaction.®®° Hydrogen 
peroxide is a satisfactory reagent, particularly in the presence of 
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vanadic, tungstic, or molybdic acid,® or ferrous sulfate.*** The re- 
action with iodine is practically quantitative *°? in acid solution. 


(SCH2CHNH2COOH)2 + 5Iz + 6H20 > 
2HO3SCHzCHNH2COOH + 10HI 


Peroxysulfuric acid also gives good results.**? A study of the kinetics 
of the oxidation with thallic sulfate found the conversion to be second 
order with an activation energy of 24,200 cal.9* The treatment of 
cystine with silver or copper salts results in a complex reaction where 
part of the cystine is reduced to cystcine and the remainder oxidized 
to cysteic acid ***9°5 or the sulfinic acid. It was shown by Simonsen °** 
that in the iodine reaction a sulfinic acid is probably an intermediate 
step. If the oxidation is carried out in methyl cyanide with benzoy] 
hydrogen peroxide **7 the disulfone is formed. A small yield of cysteic 
acid results from the oxidation of human hair with 2% permanga- 
nate.**8 [-Cysteic acid crystallizes as needles while the dl form occurs 
as square or rectangular plates.°°° It would be expected that the free 


acid would have the dipolar ion formula, O;3SCH.zCHNH;COOH. A 
study of the titration curve *” indicated that Aa = 2 « 10°. 

The decarboxylation of cysteic acid has already bcen men- 
tioned.155.». The rate of deamination‘! and the equilibrium with 
carbon dioxide ¢*? have been investigated. The rate of the absorption 
of cysteic acid from the intestine of the dog is intermediate between 
the rates for dl-methionine and I-cystine,*** but it is oxidized and the 
sulfur is excreted more slowly than for cysteine and its other oxidation 
products or methionine *°* when fed in a human diet. The oxidation 
of cysteic acid that occurs in the rabbit is due to the microflora in the 
intestine.*°* 

Glycyleysteic acid has been prepared in 91% yield by the oxidation 
of glycyleystine with bromine water.** 

Higher Sulfonated Fatty Acids. The preparation of the sulfobutyric 
and higher fatty acids has already been mentioned (see p. 142). Reso- 
lution of a-sulfobutyric *°*° and valeric *°? acids has been effected 
through their alkaloidal salts. Heating a sulfo acid with an aromatic 
amine leads to anilide formation. 


Cs3H7CH(SO3H)COOH + 2CsHsNHe ~ 
C3H7CH(SO3NH3CeHs)CONHCoHs + H20 
«-Sulfoisobutyrie acid, obtained by the sulfonation method and 


also by oxidation of dimethylpseudothiohydantoin *°* with potassium 
chlorate and hydrochloric acid, has been studied in some detail. It 
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gives a dihydrate melting at 68°. Methyl] a-sulfoisobutyrate results 
from heating the free acid with methanol] containing hydrogen chloride. 
The dimethy] ester has been obtained from the silver salt and methyl 
iodide. This with methanol at 100° reverts to the mono ester. 


(CH3)2C(SO3H)COOH + CH30H — 
(CH3)2C(SO3H)COOCH3 + H2O 

(CH3)2C(SO3Ag)COOAg + 2CH3I — 
(CH3)2C(SO3CH3)COOCH3 + 2Agl 

(CH;)2C(SO3CH3)COOCH3; + CH30H — 
(CH3)2C(SO3H)COOCH3 + (CH3)20 


With ammonia the dimethy] ester reacts as follows. 


(CH3)2C(SO3CTIs)COOCH3 + 2NH3 — 
(CH3)2C (SO3NH4)COOCH3 + CH3NIIe2 


Possibly under more vigorous reaction conditions, the second ester 
group would be converted to the amide. The neutral sodium salt of 
the acid with phosphorus pentachloride gives the acid chloride 27% 
which reacts with methanol as follows. 


(CI13)2C(SO2Cl1)COC] + CH30H — 
(CH3)2C(SO2Cl1)COOCH3 + HCl 

(CH3)2C(SO2Cl)COOCH3 + 3NH3 — 
(CH3)2C (SOz2NH2)CONHe + NH4Cl + CH30H 


Ammonia reacts with the product as indicated to give the diamide. 
This decomposes at about 340° without melting. Attempts to prepare 
by action with urea an analog of barbituric acid were unsuccessful. 
This series of reactions demonstrates in an excellent manner the dif- 
ferent behavior of the sulfonic and carboxylic acids toward various 
reagents. 

The @-sulfocarboxylic acids are usually made from the addition of 
a bisulfite to an unsaturated acid as indicated earlier. @-Sulfobutyric 
acid has also been obtained by oxidation of the thiol with bromine in 
aqueous solution.*°® The most notable difference between the «- and 
B-sulfo acids is in the resistance to racemization shown by the active 
forms of the latter. 

Disulfocarboxylic Acids. A few disulfocarboxylic acids are known. 
Aside from the addition of bisulfites to acetylenic acids already men- 
tioned,®*? they have been obtained from the bisulfite addition products 
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of unsaturated aldehydes and malonic acid. In the case of acrolein *% 
this occurs as shown below. 


CH2=CHCHO + 2KHSO3 — KO3SCH2CHeCHOHSO3K 
KO3SCH2CHOHSO3K + CH2(COOH)2 — 
KOsSCH2CH2CH(803K)CH2COOH + COs + HzO 


In addition to the crystalline potassium salt whose formula is given 
in the equation, an isomer was also present, but this was not isolated 
in a pure state. The free acids were obtained only as syrups. Aniline 
reacts with 8,8-disulfovaleric acid readily. 


HO3sSCH2CH2CH (SO3H)CH2COOH + 3CsHsNH2 — 
CeHsNH3038 (CH2)2CH(SO3NH3CeHs) CH2CONHCe6Hs + HeO 


Both acids with potassium hydroxide decompose into vinylacrylic acid. 
A disulfonic acid has also been obtained from crotonic aldehyde, 
aniline again reacting to give a crystalline derivative. 


CH3CH(S03K)CH2CHOHSO3K + CH2(COOH)2 — 
CH3CH(SO3K)CH2CH (SO3K)CH2COOH + COz + H2O 


Fusion of the acid with alkali decomposed it to sorbic acid in 50% 
yields. 

Cinnamic aldehyde behaves exactly the same as the simple aliphatic 
aldehydes except for the formation of a small amount of by-product, 
an unsaturated sulfonic acid of the formula CgH;CH (SO3H) CH2,CH== 
CHCOOH. The success of this type of condensation reaction depends 
partly upon the stability of the bisulfite addition compound. Potas- 
sium hydrogen malonate may be used instead of malonic acid, but 
attempts to carry out the reaction with methylmalonic acid, succinic 
acid, or arylacetic acids were unsuccessful. Condensation of glyoxal 
sodium bisulfite with malonic acid **® produces B-hydroxy-f’-sulfo- 
adipic acid lactone. 


(CHOHSO3Na)2 + 2CH2(COOH)2 > 
HOOC—CH2CHCH(SO3Na)CH2C=0 + 2COe + 2H20 + NaHSOs 
[oe ce! 


SULFODICABROXYLIC ACIDS 


Although sulfomalonic acid is too unstable to be obtained in the 
free state, a number of compounds supposedly related to this are 
known. Cyanoacetanilide *#! and other similarly substituted amides 
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are readily sulfonated by chlorosulfonic acid in chloroform solution, a 
reaction which was interpreted by its investigators to proceed as fol- 
lows. 


NCCH2CONHCeHs + 2CISO3H — NCC(S03H)2CONHCeHs + 2HCl 


In view of the ease with which anilides are sulfonated and the fact 
that cyanoacetamide did not sulfonate under the same conditions, at 
least one of the sulfo groups is probably in the aromatic nucleus. The 
sulfonation of malonanilide ‘*!* can be explained in a similar manner. 
However, the monosulfonic acid obtained from N,N’-di-n-propylma- 
lonamide is undoubtedly a true sulfodicarboxylic acid derivative. The 
claim that arylamides of methylmalonic acid disulfonate as shown in 
the equation seems very improbable, at least one of the sulfo groups 
more likely entering an aromatic nucleus. Higher alkylamides *!® of 


CHsCH(CONHAr)2 + 2CISO3H — 
HO3SCH2C(S03H) (CONHAr)2 + 2HCl 


sulfomalonic acid salts have been patented as wetting agents. 

Sulfosuccinic acid has been obtained in a variety of ways. It results 
from the action of sulfur trioxide *44 upon succinic acid, from succinyl 
chloride and silver sulfate,??? by oxidation of thiolsuccinic acid with 
nitric acid,*!® and by oxidation of pseudothiohydantoinacetic acid with 
chloric acid.4*® Sodium sulfite reacts with bromosuccinic acid *?’ to 
give a mixture of fumaric, maleic, and sulfosuccinic acids. «,¢’-Di- 
bromosuccinic acid *** with potassium bisulfite is first converted into 
fumaric acid which then adds a second mole of bisulfite to give the 
sulfo compound.*47*18 Maleic acid *1**® likewise adds a bisulfite, the 
reaction occurring more rapidly than with fumaric acid. The acid salts 
of fumaric acid react more rapidly than the neutral ones while for 
maleic acid the reverse is true. In these reactions and other similar 
ones a systematic study of the influence of the pH of the mixture upon 
reaction rate would give interesting results. 

Sulfosuccinic acid is a very soluble hygroscopic compound which, 
however, has been obtained in crystalline form.t‘? By heating with 
strong potassium hydroxide ‘it is decomposed *!® into the potassium 
salts of sulfurous, oxalic, acetic, and sulfoacetic acids. The racemiza- 
tion of the active forms of sulfosuccinic acid occurs readily. Higher 
alkyl esters and amides of sulfosuccinic acid are excellent wetting 
agents.*?° 

Addition of sodium thiosulfate to maleic acid‘?! gives a small 
amount of thiolsulfosuccinic acid. 
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HCCOOH HC(SH)COOH 
| + Na28203 > | 
HCCOOH HC(S03Na)COONa 


The sym-dl-disulfosuccinic acid results by addition of a bisulfite to 
acetylenedicarboxylic acid,**? reaction of a bisulfite with bromomaleic 
or bromofumaric acid, and sulfonation of succinic anhydride with sul- 
fur trioxide. None of the meso acid was isolated from the products of 
any of these reactions. The pure acid melts at 160°. It may be re- 
solved as the strychnine salt. 

The preparation of the various sulfomethylsuccinic acids **7,4°> may 
be summarized by the following equations. 


CH2=C(COOH)CH2COOH + KHSO3 — 
KOsSCH2CH(COOH)CH2COOH (85% yield) 
CH2BrCH(COOH)CH2COOH + K2803 — 
KOsSCH2CH(COOH)CH2COOH + KBr (Side reactions 
reduce the yield obtained by this method.) 


CH3CH(COOH)CH(COOH)2 + SOs(or CISOsH) — 
CH3sCH(COOH)CH(S03H)COOH + CO2(+ HCl) 

A 40% yield of the barium salt was obtained by the chlorosulfonic 
acid method in this last reaction. This acid could not be prepared 
from the proper bromo compound and aqueous sodium sulfite, hydroly- 
sis occurring. It has been obtained by oxidation of thiohydantoin- 
@-propionic acid.*?4 

The addition of a bisulfite to citraconic acid gives the best yield of 
this isomeric acid.*? 494 425 


CH3CBr(COOH)CH2COOH + K2803 —> 
CH3C(SO3K) COOHCH2COOH 


CH3C(COOH)==CHCOOH + KHSO3 — 
CH3C(SO3K)(COOH)CH2COOH (84% yield) 


CH3CH(COOH)CH2COOH + 803 — 
CH3C(SO3H) (COOH)CH2COOH 


All three sulfomethylsuccinic acids have been resolved into their 
active forms. As would be predicted, the acid in which there is no 
hydrogen attached to the asymmetric carbon atom is highly resistant 
to racemization. A considerable number of salts of these acids have 
been prepared. 
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Oxidation of sulfocamphyllic acid ¢2* with nitric acid gives a sulfo- 
isopropylsuccinic acid, HOOCCH2CH[C(SO3H) (CHg) 2] COOH. 

By the direct sulfonation of glutaric acid or from the reaction of 
alkali sulfite upon the dibromoglutaric acid there are obtained both 
the meso and dl-a,«’-disulfoglutaric acids.*?”7 Glutaconic acid adds so- 
dium bisulfite +7* to give the B-sulfoglutaric acid. 

Two unsaturated sulfodicarboxylic acids are known. Sulfonation of 
maleic or fumaric acid with excess sulfur trioxide *® occurs readily at 
60-70° apparently without attacking the double bond. The addition 
of potassium bisulfite to acetylenedicarboxylic acid gives only a trace 
of the primary addition product because the second molecule adds 
more rapidly than the first. 

B-Chloroglutaconic acid with potassium bisulfite ##° gives 8-sulfo- 
glutaconic acid, the primary addition product losing hydrogen chloride. 
The second molecule of bisulfite adds slowly so it is possible to prepare 
the B-sulfoglutaconic acid **4 from glutinic acid (HOOC—C==:C—-CHb- 
COOH). 


ALKANEDISULFONIC ACIDS 


Methanedisulfonic (Methionic) Acid. Methionic acid has been ex- 
tensively investigated, partly because it is readily obtainable and 
partly owing to its formal relationship to malonic acid. 

It is produced in smal] amounts in a number of reactions involving 
the use of sulfur trioxide or fuming sulfuric acid. Thus, it has been 
isolated from the reaction mixture obtained by sulfonating ethyl 
ether,*®? ethyl sulfate,*** acetonitrile, acetamide, sulfoacetic acid,** 
acetic acid,**® and lactic acid.*** Acetylene dissolves readily in 50% 
fuming sulfuric acid *®7 to give mostly formylmethionic acid, but a 
small amount of this decomposes to form methionic acid. Similar re- 
sults are attained by sulfonation of acetaldehyde.*** 


OHCCH(S0O3H)z — CO + CH2(S03H)2 


In addition, it has been prepared by the action of potassium sulfite 
upon chloroform, iodoform,®** and potassium trichloromethanesulfon- 
ate,*°° and in small yields from the reaction of ammonium sulfite with 
1,1,2-trichloroethane **° or the corresponding bromine compound. Re- 
duction of diiodomethionic acid with sodium amalgam converts it into 
methionic acid.4t Potassium sulfite +*4* also does this. Oxidation of 
methylene trithiocarbonate *#? and of methylene thiocyanate ** have 
also been mentioned as sources of the acid. 

One of the most satisfactory methods of preparation involves the 
decomposition of formylmethionic acid by aqueous alkali.‘*’ This is 
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readily obtainable by the action of fuming sulfuric acid upon acety- 
lene *°° or acetaldehyde,*** and from potassium sulfite and chloral hy- 
drate.**# 

The reaction of methylene chloride *** with potassium sulfite also 
has been recommended as a convenient method of preparation, the 
potassium methionate being produced in 85% yield. 

Pure methionic acid is a hygroscopic crystalline material #27* which 
is strongly acidic in aqueous solution.‘t® It forms a solid hydrate 
which separates from a concentrated water solution. The barium salt 
of the acid is sufficiently insoluble in aleohol to make it useful in the 
quantitative determination of the acid.##7° A large number of other 
salts have been investigated *#* in some detail. 

The acid is very stable toward heat, acid, and alkali.*#? In heating 
the acid above 160° slight decomposition occurs, but it may be distilled 
practically unchanged in a high vacuum.*8° Heated with 20% of its 
weight of water at 220-270° under 15-20 mm. pressure, it decomposes 
with formation of methanesulfonic acid and sulfuric acid. 

It is claimed *4® that methionic acid may be condensed with “lexa- 
decenc” in the presence of dehydrating agents to give a high-molccular- 
weight sulfonic acid of value in the textile industry. Substantially the 
same claims are made for the product obtained from methionic acid 
and buty] ricinoleate.*#* 

No reaction occurs when methionic acid is heated with strong oxidiz- 
ing agents such as nitric acid or chlorine.**** Methionic acid cannot 
be esterified by heating with an alcohol. Under these conditions 
ethers *°? are formed at temperatures similar to those required when 
sulfuric acid is the reagent employed. The methyl and ethyl esters 
have been obtained, however, by the action of the alkyl] iodides upon 
silver methionate.*87”+*2| The methyl ester is a solid (m.p. not given) 
which distils at 194~200°/16 mm. and the ethyl homolog melts at 
28-29°. The lower alkyl] esters have also been obtained in an impure 
state by the action of methanedisulfony! chloride on the alcohols. If 
the temperature is allowed to rise appreciably the ester is decomposed 
to the acid. 


CH2(SO2Cl)2 + 2ROH — CH2(SO20R)2 + 2HCl1 
CH2(SO20R)2 + 2ROH — 2R20 + CH2(SO3H)2 


Undoubtedly the use of a base such as pyridine and good temperature 

control would make this a satisfactory method of preparation. 
Unlike the alky] esters, the aryl esters, which can be obtained from 

phenols and the acid chloride, are very stable compounds.*° They 
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dissolve readily in dilute alkali but are precipitated unchanged by 
acids. Hydrolysis occurs only by heating with 50% sodium hydroxide, 
while the alkyl] esters are completely hydrolyzed by hot water in which 
the methyl] ester is readily soluble. While the aryl esters are acidic 
enough to form alkali metal salts in aqueous solution, the alkyl esters 
give these only in an anhydrous solvent such as benzene through the 
action of the metal, and the salts are decomposed by either alcohol or 
water. Thus phenyl methionate is apparently a stronger acid than 
ethyl malonate whereas the alkyl methionates are weaker. The alkali 
metal derivatives of both alkyl and aryl esters are readily alkylated 
by alkyl iodides or methyl sulfate. This provides a method for the 
synthesis of homologs of methionic acid that would be otherwise diffi- 
cult to obtain. It seems of some interest that the alkyl sodiomethi- 
onates do not appear to undergo intramolecular alkylation which 
might be expected to take place as follows. 


NaCH(SO3CH3s)2 — CHsCH(SO3Na)SO3CHs 


An attempt **” to prepare benzyl methionate from benzyl chloride and 
silver methionate in benzene solution gave diphenylmethane. Silver 
sulfate was then also found to act as a catalyst in this reaction. 


CoHsCH2Cl + CeHs 2S". CoHsCH2CcHs + HCl 
A mixed ester, methyl phenyl methionate, has been prepared by the 
action of methyl iodide upon silver phenyl methionate.*®* In water 
the methyl group is rapidly hydrolyzed. 

Methanedisulfony] chloride may be prepared by the action of phos- 
phorus pentachloride upon the dry acid.*5»- 45.458 This exists in two 
forms which melt at 8° and 37°. The liquid distils at 133°/10 mm. 
and has the d?* of 1.821. The report of Kohler + that phosphorus 
pentachloride with potassium methionate gives chloromethanedisul- 
fonyl chloride was not verified +5 although the reaction was admit- 
tedly not the normal one. It is possible that the two forms of the 
chloride correspond to formulas I and II, but this is unlikely as II 
requires the presence of a four-atom ring and, what is more important, 


SO2Cl SOCl2 
CH CHz 0O 
a a 
SO2Cl SOz 

I II 


calls for an enlarged valence shell for sulfur. The two forms are prob- 
ably only different crystalline modifications. 
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Some of the reactions of the acid chloride are anomalous. It does 
not give the amide with ammonia or diethylamine, producing instead 
a complex mixture of which the components were not satisfactorily 
identified.#°°® With aniline, however, the disulfonanilide results nor- 
mally.*®? In benzene solution aluminum chloride effects the formation 
of chlorobenzene and a resin. The latter may arise from methylene 
sulfone, an analog of ketene. 


CH2(SO2Cl)2 + CoHs ~—> [CH2=S02] + CeHsCl + SO2 + HC! 
The acid chloride reacts rapidly with water at a low temperature to 
form methionie acid quantitatively, in contrast with the behavior of 
the 1,2-disulfony] chlorides.*** 

Methanedisulfonamide has been obtained by the action of excess 
ammonia on phenyl methionate. Both this and the monoamide are 
acidic compounds. The barium salt of the latter is similar to barium 
methionate in its insolubility in water but differs in being readily 
soluble in dilute hydrochloric acid.***.*** Heating phenyl methionate 
with excess tert-butylamine to 160° yields the disulfonamide. With 
one mole of aniline the reaction is that shown below. 


CH2(SO3CeHs)2+CeHsNH2 — CH2(SO2z2NHCeHs5)SOsCgHs+ CeHsOH 


With urea, phenyl methionate forms a cyclic urcid, an analog of 
barbituric acid.*°*%* It would be of interest to study the physiological 
action of derivatives of this compound. 


SOsCeHs NH2 SO.—NH 
Ze \ 

CHe + ° — CH: CO + 2CsHs0H 
SOsCeHs NH2 SO2—NH 


The dianilide of methionic acid is strongly acidic while the amide 
obtained from N-ethylaniline is insoluble in water and alkali. This 
is in contrast with phenyl methionate which is readily soluble in alkali. 
The amide, however, does react more readily with sodium or potassium 
in benzene solution with evolution of hydrogen than do the alkyl 
methionates,*°°® 


SO2N(C2Hs)CeHs SO2N (C2Hs)CeHs 
2H2C + 2K — 2KHC + He 


SO2N (C2Hs)CeHs SO2N(C2Hs)CeHs 


The resulting alkali metal compound may be alkylated by an alkyl 
iodide or methyl sulfate. The hydrolysis of the resulting amide by 
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hydrochloric acid is a satisfactory reaction for preparing homologs of 
methionic acid. 

The reaction of hydrazine hydrate with phenyl methionate is quite 
complex.*®? Steam distillation removes phenol and pheny! methane- 
sulfonate from the reaction mixture, methiondihydrazide and phenyl 
methionhydrazide remaining behind. At a higher reaction tempera- 
ture (155°) a mixture of ammonium salts and amides resulted, but 
no hydrazide was isolated. Phenyl methylmethionate behaves in a 
similar manner. 

Halomethionic Acids. A number of the halogen derivatives of 
methionic acid have been investigated. Chloromethionic acid results 
in 5-10% yields as a by-product from the action of sulfur tri- 


oxide upon chloroacetic acid in the preparation of chlorosulfoacetic 
ACIC,24% 8740, 457 


CHeCICOOH + 2803 — HCCI(SO3sH)2 + COe2 


Probably the best method of preparation is the decomposition of for- 
mylchloromethionic acid which occurs in alkaline solution at room 
temperature.*® 


HCOCH(SO3K)2 + Cle + HCOCCI(SO3K)2 + HCl 
HCOCCI(SO3K)2 + NaOH — HCCI(SO3K)2 + HCOONa 


The free acid forms an extremely soluble dihydrate which melts at 
96-97°. The crystallographic properties of a number of salts of the 
acid have been investigated.*°’ The potassium salt is precipitated 
from its concentrated aqueous solution by the addition of alcohol. 
Chlorine reacts with the sodium salt of N,N’-diethyl-N,N’-diphenyl- 
methionamide *°> to give the chloro derivative. By repeating the 
sodium and chlorine treatment the dichloro compound results, a re- 
action not possible with bromine or iodine. Heating the monochloro 
amide with potassium acetate and acetic acid at 200° for 4 hours elim- 
inates one of the sulfo groups forming chloromethanesulfonethylani- 
lide, CICH2SO.N (C2H;s) CgHs, as well as some ethylacetanilide, CHs- 
CON (C2H5) CeHs. 

Bromomethionic acid is a by-product in the sulfonation of bromo- 
acetic acid.*41 It is obtained in 86% yields by alkaline hydrolysis of 
formylbromomethionic acid, in 25% yield by bromination of meth- 
ionic acid, in 70% yield through decomposition of diazomethionic acid 
with hydrobromic acid, and in small amount from the reaction of 
potassium sulfite with potassium dibromomethanesulfonate. The 
N-ethylanilide has been obtained by bromination of the ethylanilide of 
methionic acid.*°% 
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The strychnine salt of bromomethionic acid is insoluble enough to 
be of value in isolating and purifying the acid. The free acid crystal- 
lizes as a dihydrate, m.p. 125~126°. Icdo- and diiodomethionic acid 
have been obtained from diazomethionic acid, a reaction also men- 
tioned later.* 

Aminomethionic Acid and Derivatives. Aminomethionic acid is 
readily made by an interesting reaction involving potassium cyanide 
and potassium bisulfite.*® 


KCN + 2KHSO; + H2O — HeNCH(SO3k)2 + KOH 


Addition of hydrochloric acid to the reaction mixture precipitates the 
slightly soluble potassium hydrogen aminomcthionate, a compound 
which is acidic to phenolphthalein and titrates as a monobasic acid. 
The normal potassium or barium salt decomposes in boiling water 
solution. The free acid is known only in dilute solution, and attempts 
to concentrate this lead to evolution of ammonia and sulfur dioxide 
even at room temperature. Acetylation of the potassium salt produces 
the amide *** which with perchloric acid gives the free acid. 


H2NCH(S0O3K)2 + (CH3CO)20 — 
CH3sCONHCH(SO3K)2 + CH3sCOOH 


CHsCONHCH(SOsk)z2 + 2HClO4g —> 
CHsCONHCH (S03H)2 + 2KC1O4 


This and other acy] derivatives are obtainable in a pure state. Potas- 
sium cyanate reacts to form the urea derivative, which is not formed 
from the action of alcoholic ammonia on carbethoxyaminomethionic 
acid. 

Nitrous acid reacts with aminomethionic acid to give the diazo com- 
pound in good yields.‘°*.4*1 The varied reactions of this product are 
of considerable interest. It is stable in hot alkaline solution but de- 
composes in an acid or neutral solution in a manner which may be ex- 
plained by the following equations. 


N2C(SO3K)2 + H20 — Nez + [HOCH(SO3K)z] 
[CHOH(SO3K)2] + HzO -— HCOOH + 2KHSO3° 


HN. 
N2C(S03K)2 + KHSO3 > | C(60aK)2 
KO3SN. 


This last compound which was also obtained in separate experiments 
from potassium bisulfite and the diazo compound breaks down to 
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potassium methanetrisulfonate.**?* In acid solution hydrazine is also 
produced. The instability of the hydroxymethionic acid is to be ex- 


a 
KO3SN 


C(S03K)z2 — Nz + HC(S03K)3 


HN 
ae C(0:K)2 4+ 3H.0 > 2KHSO3 + NH»NH> + CO. + KHS0, 
SN 


pected although a derivative of the dihydroxy acid is known.**?® With 
hydrogen iodide or iodine, nitrogen is eliminated as with other diazo 
compounds. 

NeC(SO3K)2 + HI — IHC(SO3K)2 + Ne 

N2C(SOsK)2 + In — I2C(SO3K)2 + Ne 
This is the only practical method for preparing the iodomethionic 
acids. 

When heated to 120-130° the diazo compound liberates nitrogen to 

form a rather unstable azine derivative. 


2N2C(SOsK)2 — Ne + [-—N==C(S03K)e]2 
Heavy metal salts also cause the liberation of nitrogen and precipita- 
tion of the free metal. The nature of the other products formed in 
this last reaction was not determined. 
The potassium bisulfite addition product of potassium diazomethi- 
onate undergoes a series of interesting reactions with benzenediazonium 
hydroxide.**! For details the original should be consulted. 


NH 
(KO.8)2CC bose + CoeNOOH > 
3 


(KO38)2C—=NNHCoHs + No + KHSOu 


Thiolmethionic Acid. The compound obtained by the action of 
potassium sulfite upon trichloromethylsulfur chloride *%**6° was until 
comparatively recently *%* believed to be thiolmethanetrisulfonic acid, 
a formula now discarded for that of thiosulfomethionic acid. The 
equation for its formation may then be written as follows. 


Cls;CSCl + 4K2S03 + IIz0 — (KO3S)2CHSSO3sK + KHSO, + 4KCl 
On oxidation with bromine methanctrisulfonic acid results.375 
(KO38)2CHSSO3K + 3Bre + 4H20 — HC(SOsK)3 + 6HBr + KHSO« 


The absence of the thiol group is indicated because the tripotassium 
salt is neutral, no precipitate is formed with mercury, copper, or lead 
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salts, and the behavior with alkali and ferric chloride is similar to 
that of thiosulfo derivatives of carboxylic acids. Upon heating the 
dry salts of the acid or solutions of the salts with hydrochloric acid, 
evolution of sulfur dioxide occurs. The potassium salt reacts with 
mercuric oxide in a manner suggesting the presence of the thiol group. 
This, however, occurs because of hydrolysis of the thiosulfuric acid 
radical, the net result being expressed by the equation. 


(KO38)2CHSS8O3K + HgO — KO3SCHS(80O3)Hg + K2SO« 


Silver nitrate behaves in an analogous manner. 


KOsS2CH(SO3K)2 + H20 + 2AgNO3 
AgSCH(SO3Ag)SOsK + 2KNO3 + H2SOu 


The mercury or silver compound can be converted to the mono- 
potassium salt by hydrogen sulfide. Oxidation of this thiol with chlo- 
rine or bromine water gives methanetrisulfonic acid. 


HSCH(S03K)2 + 3Cle + 3H20 — HC(SO3H)3 + 6HCl 


Iodine, or cupric or ferric salts carry the oxidation to the disulfide ¢** 
stage. 


HSCH(SO3H)2 + 2CuCle — [SCH(SO3H)2]2 + 2HCl + CuzCle 


Chlorine water converts the disulfide into methanetrisulfonie acid 
while hydrogen peroxide produces further decomposition to sulfuric 
acid. Nitric acid and potassium permanganate also give this as the 
final product of oxidation of the thiolmethionic acid. Reduction with 
zinc results in evolution of hydrogen sulfide. The other product, which 
was not isolated, is probably methionic acid. 

Thiolmethionic acid titrates as a dibasic acid with methyl orange 
while with phenolphthalein three equivalents of alkali react. Heating 
with excess alkali decomposes the disulfide with probable formation of 
a sulfenic acid, since ferric chloride gives a blue coloration with the 
resulting solution. 


{SCH (SO3K)2]ze+2KOH -» KSCH(SO3K)2+[KOSCH (SO3K)2]+ H20 


Boiling an aqueous solution of the lead salt causes a decomposition 
which was postulated to occur as follows. 


2{SCH(SO3)2Pb]z —> Pb{SCH(SO3)2Pb]2 + [SCH(SO3H)SO3]2Pb 


The last compound was not isolated, however. 
Acylmethionic Acids. Several acyl derivatives of methionic acid 
have been prepared. These are, of course, derivatives of aldehydes 
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and ketones. The simplest of these, the formyl derivative (disulfo- 
acetaldehyde) has already becn mentioned as a source of methionic 
acid. The N-ethylanilide of this acid is produced,**” as shown in the 
equation, by a Claisen condensation. 


NaCH[SO2N(C2Hs)CeHs]e + HCOOCHs —~ 
HCOCH[SO2N (C2Hs)CeHs]2 + NaOCHs 


This compound titrates as a monobasic acid so probably exists in the 
hydroxymethylene form, HOCH==C[SOeN(CeHs)CeHs]e. The so- 
dium bisulfite addition product of sodium formylmethionate has been 
patented as a reducing agent which possesses certain desirable quali- 
ties.*** Formylmethionic acid is reported to condense with cetyl for- 
mal in the presence of sulfuric acid to give wetting agents.**7 The 
chemistry of this condensation is not evident. Acetonetetrasulfonic 
acid also reacts in this manner. The condensation of formylmethionic 
acid with a variety of other compounds has been mentioned.** 

The benzoyl derivatives of phenyl and the cresyl methionates °° 
have been obtained by the action of benzoyl chloride upon the sodium 
derivatives of the esters. 


CeHsCOCl + NaCH(SO3sCeHs)2 —> CoHsCOCH(SO3Ce6Hs)2 + NaCl 


Apparently the free keto acids or their salts have not been made. 

Alkylmethionic Acids. Most of the homologs of methionic acid have 
been obtained by alkylation of an ester or amide of methionic acid 
followed by hydrolysis. Ethanc-1,1-disulfonic acid is, however, an 
exception, as it has most frequently been prepared by oxidation of 
thialdine *® with potassium or zinc permanganate. The reaction of 
ammonium sulfite with ethylidene chloride does not yield an appre- 
ciable quantity of the disulfonate.**® Ethyl] iodide with silver ethane- 
1,1-disulfonate gives the ethyl ester.*7° It has also been obtained by 
alkylation of the sodium derivative of ethyl methionate in benzene 
solution with methyl todide.*®® It was described as an oil of “peculiar” 
odor. It is insoluble in water and cold alkali but with sodium ethoxide 
in ether a precipitate of the sodium salt forms readily. 


CH3CH(SO3C2Hs)2 + NaOC2Hs — CHsCNa(SO3Ce2Hs)e + CoHs0H 


By warming this with ethyl iodide in alcohol solution both alkylation 
and loss of the ester groups occur, butane-2,2-disulfonic acid resulting. 
The ester also reacts rapidly with alcoholic ammonia ‘*™ with forma- 
tion of ethylamine and the ammonium sulfonate. 

Phenyl] ethane-1,1-disulfonate and the corresponding N-ethylanilide 
and phenetidide result from methylation of the sodiomethionate deriv- 
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atives.459%¢45¢ These are hydrolyzed in aleoholic alkali with cleavage 
of the carbon-sulfur bond. 


CH3CH[SO2N (C2Hs)CeHsOCoHsJ2 + 3NaOH — 
CH3CH(OH)SO3Na + 2C2H;s0CeH4NHC2Hs5 + Na2SO3 


In toluene saturated with ammonia at 20° phenyl ethane-1,1-disul- 
fonate yields the monosulfonamide while at 130° in a sealed tube both 
ester groups react. 

Ethanc-1,1-disulfonyl chloride, prepared from the free acid and 
phosphorus pentachloride, is a yellow oil, b.p. 125-126° (15 mm.). 
Potassium methionate when heated with the same reagent ** gives 
chloromethanesulfony] chloride rather than the acid chloride and the 
ethane homolog behaves similarly, except for the position taken by 
the chlorine. 


CHsCH(SO3K)2 + 3PCls — 
CICH2CH2802Cl + SO2Cle + 2KC] + 2POCI3 + PCls 


Some 1-chloroethane-1-sulfonvl chloride and 1,2-dichloroethane-1-sul- 
fonyl chloride are also formed. 

The formy] derivative of methylmcthionic acid can be obtained by 
the action of 50% fuming sulfuric acid *”* upon propionaldehyde. By 
alkali treatment the aldehyde group is readily removed. 


CH3CH2CHO+2803 — CH3C(S03H)2zCHO 
CH3C(SO3H)2CHO+3Na0OH — CH3CH(SO3Na)2+HCOONa+2H20 


Sulfonation of acetone under similar conditions gives a trisulfonic 
acid. The structure was proved by its reaction with alkali. 


HO3SCH2COCH (S03H)2 + 4NaOQH — 
NaOsSCH2COONa + CH2(S8O03Na)2 + 3H20 


In addition to methylmethionic acid and related compounds, Schroe- 
ter and co-workers #°°> have prepared the dimethyl, ethyl, allyl, 2,3- 
dibromopropyl, methylethyl, methylallyl, methyl-2,3-dibromopropyl, 
benzyl, benzylmethyl, and p-nitrobenzyl derivatives. Several others 
have been prepared more recently by Klaver.**® mn-Propyl- and 
n-butylmethionic acids were obtained by the alkylation of phenyl! methi- 
onate with the alkyl p-toluenesulfonates followed by hydrolysis. The 
chemistry of these is essentially the same as that of the methylmethi- 
onic acid,#° 

Ethane-1,2-disulfonic Acid and Related Compounds. Of the disul- 
fonic acids with the two sulfo groups not attached to the same carbon 
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those in which they are joined to adjacent carbons are of most interest. 

Ethane-1,2-disulfonic acid has been obtained by the oxidation of 
ethane-1,2-dithiol,t?? ethylene thiocyanate,*+*’* and several cyclic 
compounds **® with sulfur linked to adjacent carbons. Small yields are 
formed in the sulfonation of ethyl cyanide or propionamide‘*”* and 
nitroethane ‘”? and by the electrolysis of barium sulfoacetate.t7® It is 
obtained in 95% yields by the action of a saturated alkali sulfite solu- 
tion upon ethylene bromide #* +5+.479 at the boiling point of the mix- 
ture. Treating 1,1,2-tribromoethane with boiling ammonium sulfite **° 
also gives some ammonium ethane-1,2-disulfonate. 

The free acid, m.p. 104°, has been obtained from the lead salt by 
treatment with hydrogen sulfide *®° and by decomposing the ammonium 
salt with fuming nitric acid.4%* It readily crystallizes from a mixture 
of acetic acid and acetic anhydride. 

A great many salts of the acid have been studied.**® The sodium 
salt when fused with alkali*#? evolves acetylene and hydrogen. So- 
dium sulfite is the other product. 

The disulfonyl chloride may be prepared by the action of phosphorus 
pentachloride on the sodium salt **? or free acid. It is also formed 
in quantitative yields from the action of carbonyl! chloride ** with the 
acid in toluene solution. 


(CH2S03H)2 + 2COCle — (CH28O02Cl)2 + 2CO2 + 2HCl 


All attempts to prepare an isomeric sulfony] chloride have been un- 
successful. This non-existence of an isomeric disulfonyl chloride is 
readily explainable upon the basis of the sulfur-oxygen bond being a 
“semi-polar” rather than a double bond. 

Ethane-1,2-disulfony] chloride when boiled with water loses sulfur 
dioxide and forms an unsaturated acid. This unusual behavior is of 
considerable theoretical importance. 


CH2SO2CICH2802Cl + H20 — CHa==CHSO3H + 2HCl + SO2 


From an electronic viewpoint it may be explained on the assumption 
that the positively charged radical CH,SO2CICH.SO,+ occurring as an 
intermediate in the hydrolysis is unstable and decomposes as follows. 


OHHO OHHO HHO 
Cl1:8:C0:C:8:Cl + S6:6:8.0] > + é-6:8:a + SOQ2 
OHHO OHHO HHO 


+ 6::6:8:c1 25 6::6:8:0H + H+ 4+ Cl- 


jegal— Ets H HO 
| H Oo H oO 
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Whether the second sulfonyl! chloride group hydrolyzes before, simul- 
taneously with, or after the formation of the double bond is uncertain. 
The fact that 2-bromoethane-1-sulfony] chloride upon hydrolysis also 
yields some ethylenesulfonic acid indicates that various compounds 
having an electron-attracting group on the second carbon may behave 
similarly. As mentioned previously (see p. 110) even ethanesulfony] 
chloride evolves a little sulfur dioxide when boiled with alcohol. The 
other products of this last reaction were not identified, but ethylene 
should be one of them. 

Sulfur dioxide is also lost from ethane-1,2-disulfonyl chloride when 
treated with ammonia‘ or aniline. The reaction with aniline in 
ether solution has been studied in considerable detail ¢7*> 48° and has 


(CH2802Cl)2 + 3NH3 — CHe=CHSO2NH2 + SO2 + 2NH4Cl 
been formulated as follows. 
CH2S802Cl CH2S0O2Cl 


+ 2CeHsNH2 — | + CeHsNH3Cl 
CH2802Cl CH2SO2NHCe.6Hs 


CH2802Cl CH:Cl 


— | + SOz 
CH2SO2NHCeHs CH2SO2NHC.6Hs 
CH2Cl CHa 
| + CeHsNH2 — | + CsHsNH3Cl 
CH2SO2NHC6Hs CHSO2NHCeHs 
This last reaction can also be effected by alcoholic potassium hydrox- 
ide. If an excess of aniline is present, further *** reaction occurs. 


CHa: CH2NHCeHs 

| + CeHsNH2 > | 

CHSO2NHCeHs CH2SO2NHCeHs 
Other aromatic amines including N-methylaniline and phenylhydra- 
zine act similarly. Perhaps the most unusual feature of this reaction 
is the instability of the intermediate acid chloride, CgHsNHSO,CH2- 
CH,SO.Cl, which was not isolated but was reported **? to have a 
mustard-like odor. 

Ethyl ethane-1,2-disulfonate *® prepared from the silver salt and 
ethyl iodide is a solid, m.p. 77.5°. It reacts with ammonia normally 
with formation of ethylamine. 

Higher Alkanedisulfonic Acids. Propane-1,2-disulfonic acid has 
been obtained by the sulfonation of butyric acid *° or butyramide *°4 
and by boiling propylene bromide with ammonium sulfite +4 °°? solu- 
tion. Sodium sulfite gives chiefly propylene. The disulfony! chloride 
reacts with aniline ¢7*> in the same manner as the lower homolog. 
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CH3CH (S02Cl)CH2802Cl + 8CeHsNH2 — 
CH3sCH==CHSOzNHCeHs + SOz + 2CeHsNHsCl 


Although “butylene” bromide was reported +#** to give only the olefin, 
2-methylpropane-1,2-disulfonie acid has been obtained by boiling iso- 
butylene bromide with sodium sulfite solution.4*® The disulfony] 
chloride was prepared and found to give a thiol on reduction with 
zine and sulfuric acid. 

Sodium sulfite reacts normally with trimethylene and higher poly- 
methylene bromides ¢*% #88. 48° and the resulting disulfonates give acid 
chlorides which react with ammonia to form the sulfonamides without 
loss of sulfur dioxide. Attempts to convert propane-1,3-disulfony] 
chloride into various cyclic compounds 4** were unsuccessful. The ali- 
phatic disulfonamides do not #6483 form N-chloro compounds analo- 
gous to Chloramine T. 
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Methanetrisulfonie acid has been obtained in small amounts by sul- 
fonation of calcium methyl] sulfate ¢** or methionic acid **® with fum- 
ing sulfuric acid. Sulfonation of acctanilide *9+:+#8*4°° or acetamide 
with 35% fuming sulfuric acid gives as high as 57% yields of product 
isolated as the tripotassium salt. A small yield is also obtained from 
succinanilide under the same conditions. 

When nitromethionic acid prepared from chloropicrin and potassium 
sulfite *** is further treated with potassium sulfite the nitro group is 
replaced, a 67% yield of potassium methanctrisulfonate having been 
obtained.4*° Likewise diazomethionie acid *%+:45*:#92 and thiosulfo- 
methionic acid *** are convertible into the trisulfonic acid as has al- 
ready been discussed under methionic acid derivatives. Considering 
the yield and availability of starting materials, the sulfonation of 
acetamide or acetanilide seems to be the best method of preparation. 

Methanetrisulfonic acid (3.5H20) melts at 156°. The anhydrous 
tripotassium salt is soluble in water at 25° to the extent of 1.2 g. per 
100 g. of water.*** 

Heating methanetrisulfonic acid with excess bromine in aqueous so- 
lution at 150° gives the bromo compound 4% in 40% yield. By the 
action of potassium sulfite this bromo compound is reconverted into 
potassium methanetrisulfonate rather than into methanetetrasulfonic 
acid. 


BrC(SO3K)3 + K2S0O3 + H2O — HC(SOsK)3 + K2S04 + HBr 
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Chlorination of potassium methanetrisulfonate in a manner similar 
to that used in the preparation of the bromo compound gives a 70% 
yield of pure product.*** The pure acid is extremely soluble in water 
while the potassium salt is only slightly so (3.38 g. per 100 g. water at 
25°). A number of other salts have been investigated in considerable 
detail.**> The action of phosphorus pentachloride upon the free acid 
causes decomposition, sulfur dioxide being evolved. 
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The only unsaturated aliphatic sulfonic acid that has been thor- 
oughly studied is ethylenesulfonic aid, which was investigated by Koh- 
ler.4#° By the action of potassium ethoxide in alcohol upon potassium 
2-bromoethanesulfonate a very stable double salt of the unsaturated 
acid results. 


2CH2BrCH2SO3K + 2C2H50K —~ 
(CH2=CHSO3K)2:KBr + KBr + 2C2H;0H 


This is also formed from vinyl bromide and potassium sulfite. At- 
tempts to obtain the pure acid from this double salt have not been 
entirely successful; lead acetate does not precipitate the halogen, and 
concentrated sulfuric acid, although it removes the bromine, also adds 
to the double bond. The action of alkali upon sodium 2-chloroethane- 
sulfonate yields ethylenesulfonic acid; apparently no double salt inter- 
feres here with isolation of the product.‘®” 

2-Bromoethanesulfonyl chloride gives as a minor product of its hy- 
drolysis with water some ethylenesulfonic acid. When 2-bromoethane- 


CHeBrCH2802Cl + H20 — CH2=CHSO3H + HBr + HCl 


sulfonyl chloride reacts with the methyl ester of dl-leucylglycine a 
halogen free compound results.**® This compound and the one from 
aniline are probably amides of ethylenesulfonic acid. A satisfactory 
method of preparing the unsaturated acid is to reflux ethane-1,2-disul- 
fonyl chloride with five times its weight of water. In this case 80-90% 


CH2SO02C1CH2S02C1 + H20 — CHe=CHSO3H + 2HCl + S02 


of the sulfonyl chloride decomposes as indicated, hydrolysis to ethane- 
1,2-disulfonic acid accounting for the remainder. The reaction occurs 
in acetic acid containing some water with similar results but not in 
glacial acetic acid. In alcohol solution the yields of ethylenesulfonic 
acid are somewhat less and decrease with increasing molecular weight 
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of the aleohol. Ether and ethyl chloride were noted as by-products in 
ethy] alcohol. 

Ethane-1,2-disulfonyl chloride also reacts readily with sodium ace- 
tate in acetic acid solution. Sulfur dioxide and acetic anhydride were 
noted among the reaction products besides sodium ethylenesulfonate 
and sodium ethanedisulfonate. Pyrolysis of 2-bromoethanesulfonyl 
chloride under a pressure of one meter of mercury (in excess of atmos- 
pheric) gives a small yield of ethylenesulfonyl chloride which may be 
hydrolyzed to the acid. 


CH2BrCH2802C]l — CH2=CHS02Cl + HBr 


Although isethionic acid or its salts could not be dehydrated satisfac- 
torily to the unsaturated acid, the acetate decomposes readily at 185° 
with evolution of acetic acid. 


CH3COOCH2CH2803K — CH3COOH + CH2=CHSO3K 


Ethionic acid has also been reported to give the olefinic acid *°* when 
heated. 


CH2(OSOsNa)CH2SO3Na ~+ CHe=CHSO3Na + NaHSO« 


Heating 1,2-dibromoethanesulfonie acid or 2-bromo-1-chloroethane- 
sulfonic acid with zinc gives a nearly quantitative yield of ethylene- 
sulfonic acid. 


Zn + CH2CICHBrSO3H ~+ CHe=CHSO3K + ZnClBr 


Ethylenesulfonic acid is readily attacked by oxidizing agents. Even 
ammoniacal] silver nitrate decomposes it completely. It may be ti- 
trated quantitatively with potassium permanganate in acid solution. 


5C2H3S03H + 12KMn04 + 13H2SO4 —F 
10COz + 23H20 + 12MnSO4 + 6K2804 


All attempts to stop the oxidation at an intermediate stage were un- 
successful. Reduction to ethanesulfonic acid occurs with hydriodic 
acid and phosphorus at 170°, but no other common reducing agent 
has any effect. Catalytic reduction has not been investigated. 

Addition reactions occur readily with ethylenesulfonic acid. Water 
adds at 150° to give isethionic acid. Hydrochloric and hydrobromic 
acids add to give products of analogous structure. 


CH2=CHSO3K + HX — XCH2CH2S03K 


Bromine, however, reacts by substitution rather than addition. 
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CH2=CHSO3K + Bre —> CH2=CBrSO3K + HBr 


The dibromide is not an intermediate product in this reaction as it 
can be prepared by adding hydrogen bromide to bromoethylenesulfonic 
acid at a higher temperature and is stable in water solution. The 
position of the bromine in the unsaturated acid is indicated by the 
addition of water and reduction to isethionic acid. 


CH2=CBrSO3H + H2O — CH2OHCHBrSO3H 
CH.OHCHBrSO3H “5 CH,OHCH:SO3H 
Sodium bisulfite adds readily in aqueous solution to produce ethane- 
1,2-disulfonic acid. 


CH2=CHSO3Na + NaHSO3 —> CH2SO3NaCH2803Na 


1-Bromoethylenesulfonic acid has a number of interesting proper- 
ties.t:¢* Although boiling a 6% solution of the free acid causes no 
appreciable decomposition, attempts to prepare the pure acid by con- 
centration of the aqueous solution cause the liberation of sulfur dioxide 
and hydrogen bromide. Toward oxidizing agents the acid behaves 
similarly to ethylenesulfonic acid. By reduction with zinc or mag- 
nesium, in acid solution, the bromine is readily replaced by hydrogen, 
the sulfonic acid group being unaffected. 


CH2=CBrSO3H + Zn + HCl — CH2=CHSO3H + ZnClBr 


Water adds readily to give 2-hydroxy-1l-bromoethanesulfonic acid. 
Halogen acids likewise add easily but the free halogens or hypochlo- 
rous acid cause complete oxidation. Sulfuric acid below 80° gives 
bromoethionic acid. 


CH2=CBr8SO3H + H2SO4 —> CH2(OSO3H)CHBrSO3H 


At 125° another somewhat unstable acid results which apparently con- 
tains three sulfo groups, one of them corresponding in behavior to an 
aldehyde bisulfite addition product. It was isolated only as the 
barium salt. 

CH2=CBr8S03H + 2H2S04 — CHOH(SO3H)CBr(SO3H)2 + H20 


Heating a salt of bromoethylenesulfonic acid in aqueous alkali leads 
to removal of both the halogen and sulfur. This is interesting as the 


2CH2=CBrSO3H + 3Ba(OH)2 > 
2BaSO3 + BaBrz + (CH2=C=Q) + H20 
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primary hydrolysis product should be ketene or a hydration product. 
Actually a polymeric gummy substance results. 

The unsaturated sulfonic acid formed in the reaction of allyl iodide 
with potassium sulfite *°°¢ or ethyl sulfite in alkaline solution * was 
isolated only as a complex double salt. Allyl chloride and sodium sul- 


4(CoHs)2503 + 4CH2=CHCHeI + 8KOH — 
(CHa=CHCH2SO3K)4: KI + 3KI + 8C2H;0H 


fite react normally. The free sulfonic acid and derivatives of it were 
found to be unstable. Heating allyl alcohol to 100° with a solution 
of ammonium sulfite ®* gives an unsaturated sulfonic acid salt which 
was believed to have the same structure as the acid obtained from allyl 
iodide. This was not clearly demonstrated, however. The reactions 
may be those shown in the equations. 


HOCH2CH=CHe2 + NH4HSO3; — HOCH2CH2CH2S03NHa 
HOCH2CH2CH2SO3NHs > CH2=CHCH2SO3;NH, + H20 


Although propene-l-sulfonie acid has not been studied the corre- 
sponding anilide results from the action of aniline upon propane-1,2- 
disulfony] chloride. The action of sodium sulfite upon vicinal di- 


CHsCHSO2CICH2802Cl + 83CeHsNH2 > 
CH3sCH=CHSO2NHCeHs + 2CeHsNH3Cl + SO2 


halides at a high temperature yields unsaturated sulfonic acids.5? 
The oxidation of allyl-type mercaptans also gives olefinic sulfonic 
acids, °° 

Recently it has been shown that the action of dioxane sulfotrioxide 
upon excess isobutylene gives chiefly 2-methylpropene-3-sulfonie acid. 


CH2=C(CH3)2 + O(CH2CH2)208S03 — 
CH2=C(CH3)CH2803H + O(CH2CH2)20 


A small amount of 2-hydroxy-2-methylpropanesulfonic acid accompa- 
nies the main product.*** The same unsaturated acid was obtained by 
refluxing methallyl chloride with sodium sulfite. Condensation of the 
sodium sulfonate or the free acid with aromatic hydrocarbons occurs 
in the presence of concentrated sulfuric acid or boron trifluoride. The 
products show some promise as detergents and wetting agents. Similar 


CaHoCeHs + CH2=C (CH3)CH2SO3H a CaHpCeHaC (CH3)2CH2S03H 


condensations oceur with phenols and aromatic ethers. 
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The sulfonation of isobutylene with chlorosulfonic acid in dioxane 
gives, in addition to the olefinic acid already mentioned, tert-butyl 
chloride and a diisobutylenesulfonic acid. 

The conversion of olefins into sulfonic acids by sulfonation with the 
addition products of ether, ethyl sulfide, ethyl acetate, thioxane, pyri- 
dine, or diethylene dioxide (dioxane) or with sodium chlorosulfonate 
has been mentioned in the patent literature.°°* Branched-chain olefins 
are reported to yield sulfonic acids when treated with chlorosulfonic 
acid.**> Definite structures for these products are lacking, but some 
unsaturated sulfonic acids may result. The same may be said of the 
products obtained in acetic acid or anhydride solutions.°°* The sul- 
fonation of tertiary alcohols with chlorosulfonic acid °°? or sulfuric acid 
in acetic anhydride ** gives sulfonic acids which may contain unsatu- 
rated groups. It has been shown that cholestenone under these con- 
ditions °°® gives an 80-85% yield of an unsaturated acid. 

1-Hexadecene has been reported °° to react with sulfur trioxide to 
form an unsaturated acid of unknown structure that was practically 
insoluble in cold water; the potassium salt was slightly soluble in boil- 
ing water. Rubber reacts with oleum or chlorosulfonic acid in the 
presence of an ether or ester *'? to give water-soluble sulfonic acids. 

Quilico ** has discovered a method of obtaining sulfonic acids from 
aromatic compounds with an unsaturated side chain. Styrene reacts 
with aminosulfonic acid at 150° according to the equation, 


CeHsCH=CHz + NH2SO3H — CgsHsCH=CHSO3N Ha 


The correctness of the assigned structure was based upon the oxidation 
to benzoic acid with permanganate and the conversion to sodium cin- 
namate with sodium formate. Anethole, apiol, and isosafrole yield 
sulfonic acids with similar properties. 

Several disulfonic acids containing an olefinic group have been pre- 
pared. Sodium 2-butene-1,4-disulfonate,°4 probably obtained from 
the bromide, adds methylamine as shown. 


Na0s3SCH2CH=CHCH2803Na + CH3NH2 — 
NaO3SCH2CH (NHCHs3) (CH2)2S03Na 


The sulfonation of isobutylene by passing the gaseous hydrocarbon 
into an ethylene chloride solution of dioxane sulfotrioxide °° gives the 
1,3-disulfonic acid as a dioxane salt. The acid can be converted into 
the anhydride with thionyl chloride and into the chloride with phos- 
phorus pentachloride. Anhydride formation suggests but does not 
prove that it is the cis compound. The same sulfonyl chloride was 
obtained from the dichlorohydrin by the following steps. 
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eHs0sH foH—S02 
CHaCe +S0Chk — CHs—CC SO + SO2 + 2HCl 

CH,SO3H CH2—S02 
CH2CIC(OH)(CH3)CH2C] 3“*2!, NaOsSCH2C (OH) (CH3)CH2803Na 
PC, Cl0.SCH2C=CHSO0,CI 


CH3 


Treating an aqueous solution of the barium sulfonate with bromine 
water converted nearly half of the sulfur into barium sulfate. The 
other products of this reaction have not been investigated. 

An unsaturated disulfonic acid has been obtained by the action of 
ammonium sulfite upon 2,3-dimethy]-1 ,2,3,4-tetrabromobutane.** The 
barium salt was isolated in 80% yields. 


CH2BrCBrCBrCH2Br + H20 + 3(NH4)2503 — 


| 
H3C CHs 
NHs03SCH2C—=CCH2S03NH, + 4NH«Br + H280« 


CH3 CHs 


There is then considerable diversity in the reaction of polybromo com- 
pounds with sulfites. Ethylene bromide and 1,2,3-tribromopropane 
give the corresponding sulfonic acid salts; 2,3-dibromobutane gives a 
mixture of the isomeric hydroxysulfonic acids while the compounds 
containing a tertiary halogen form unsaturated products. The be- 
havior of other di- and tribromides should be of considerable interest. 

Unsaturated sulfocarboxylic acids have been mentioned elsewhere 
(see pp. 147 and 157). 

One sulfonic acid derived from an alkylacetylene is on record. Tet- 
radecylacetylene upon standing with concentrated sulfuric acid 55 is 
believed to give the compound indicated. 


Cy4H29C==CH + H2SO4 —> Ci4H2pC==CSO3H + H20 


One might expect addition at the triple bond rather than sulfonation 
in this reaction. Since the only evidence given for the structure was 
an analysis, further study of this reaction is desirable. 
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The literature of the aromatic sulfonic acids is voluminous, This 
may be attributed to the ease with which these compounds are pre- 
pared and their commercial utility, particularly in the synthesis of 
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drugs and dyestuffs. It is the purpose of this chapter to examine in 
some detail the methods that are available for obtaining sulfonic acids 
in which the sulfo group is attached to an aromatic ring of either the 
homocyclic or heterocyclic type and to indicate what compounds have 
been prepared by each method. 


A. SULFONATION REACTIONS * 


Sulfonic acids are obtained most readily through the direct replace- 
ment of hydrogen by the sulfo group. This method, which is of con- 
siderable technical importance, involves the utilization of any one of 
a number of sulfonating agents; in addition to sulfuric acid of various 
concentrations and in the presence of a variety of catalysts, these re- 
agents include fluorosulfonic acid, chlorosulfonic acid, salts of chloro- 
sulfonic acid, chlorosulfonic anhydride (pyrosulfuryl chloride), sul- 
famic acid (aminosulfonic acid), sulfur trioxide or its addition product 
with a slightly basic substance such as pyridine or dioxane, and acid 
salts of sulfuric acid. The reagent chosen in a particular case depends 
upon the compound to be sulfonated and the number of sulfo groups 
to be introduced. If fluoro- or chlorosulfonic acid is employed the 
sulfonic acid first formed may be converted into a sulfonyl halide by 
the presence of an excess of the sulfonating agent. 


CeHg + CISOsH — CeHsSO3H + HCl 

CeHsSO3H + CISO3H — CegHsSO2Cl + H2804 
Sulfone formation occurs to a varying extent as a side reaction. It is 
especially noticeable when the compound sulfonated is present in ex- 
cess and a very active reagent such as sulfur trioxide or chlorosulfonic 
acid is employed. In addition, a number of substituted phenols are 
converted by vigorous sulfonation into sulfonylides, bimolecular com- 
pounds containing two ester linkages. 


O2 
OH HOsS O—S 
CH3 
2 + CISOsH — + 6HC! + 2H2S04 
H3C 
CHs3 S—O S0O3H 
Oz 


The presence of certain groups in the aromatic ring seriously limits 
the use of sulfonating agents, particularly at elevated temperatures, 


* References for this section on p. 324. 
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because of the side reactions that may be induced. Bromine and more 
frequently iodine compounds undergo rearrangement or disproportion- 
ation under some conditions. Certain polyaikylated benzenes are 
characterized by similar changes, a phenomenon known as the Jacob- 
sen reaction. Nitrobenzene cannot be heated above 170° with sulfuric 
acid without violent decomposition occurring, and p-nitrophenol must 
be sulfonated at 0° to obtain a satisfactory yield of sulfonic acid. 

The directive influence of certain substituents present in the aro- 
matic ring is different in sulfonations than it is for other substitution 
reactions. For example, the halobenzenes sulfonate 100% para to the 
halogen while nitration occurs both ortho and para. There have been 
published recently + extensive data pertaining to a comparison of the 
directive influence of various groups in nitration and sulfonation re- 
actions. In many instances, a change in the temperature at which a 
sulfonation is performed alters the position taken by the entering group 
or produces a rearrangement of the primary reaction product into a 
more stable isomer. This is particularly true in the naphthalene series. 
Mercuric sulfate likewise has a pronounced effect in determining the 
structure of a sulfonation product. This is most noticeable in the sul- 
fonation of compounds that have keto or carboxyl groups attached to 
the aromatic ring. The effect is probably caused by mercuration fol- 
lowed by cleavage of the mercuri linkage with sulfur trioxide. 


ArHgS0.H + 803 — ArSOs;HgSO.H 


A number of interesting discussions have appeared? that deal with 
the theory of sulfonation reactions in which sulfuric acid is employed. 
Such a sulfonation is a reversible process that is complicated by the 


ArH + H2S0, = ArSO3H + He20 


combination of the water formed in the reaction with sulfuric acid or 
the sulfonic acid to yield a hydrate. The concentration of a given 
aromatic compound in the sulfonation mixture not only varies with 
temperature but also with the quantity of water and of sulfonic acid 
present. Since aromatic hydrocarbons and their halogen derivatives 
are not appreciably soluble in sulfuric acid, other things being equal 
they sulfonate more slowly than the readily soluble oxygen, nitrogen, 
and sulfur derivatives. Since there is no evidence that sulfuric acid 
ever adds to an olefin bond as hydroxyl and sulfonate groups, the old 
hypothesis that sulfonation proceeds through such an intermediate ad- 
dition product has no experimental foundation. Where the reagent is 
sulfur trioxide or chlorosulfonic acid the intermediate formation of an 
addition product is more plausible. 
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The extent to which a sulfonation reaction has proceeded may be 
determined quantitatively by a number of methods.? The most gen- 
eral one depends upon the drop in acidity of the reaction mixture, since 
for every mole of a sulfonic acid produced the acidity is decreased by 
one equivalent. If a mixture of mono- and disulfonie acids is formed 
the percentage of each can be determined by analyzing a sample of the 
dried calcium or barium sulfonates for the metal content. For par- 
ticular acids a variety of estimation methods has been developed. 
These include conversion of the sulfonic acid or sulfonate to the sul- 
fony! chloride, precipitation of the sulfonic acid as an arylamine salt, 
and coupling of a sulfonated naphthol with a diazonium compound. 

With the exception of aminosulfonic acids and certain others of high 
molecular weight it is more convenient to isolate salts of the acids than 
the acids because the acids are for the most part hygroscopic liquids 
or solids that are difficult to purify. In many instances the acids have 
not been prepared and in the following pages when reference is made 
to a sulfonic acid it is probable that it is known only in the form of 
its salts. The properties of the sulfonic acids and their chlorides and 
amides are given in tabular form later. 

With comparatively few exceptions the alkali metal sulfonates are 
readily soluble in water; the solubility is less where high-molecular- 
weight aryl groups are present and increases as the number of sulfo 
groups in the molecule is increased. They are generally obtainable by 
salting them out of solution with excess of a readily soluble alkali salt. 
A more universally applicable procedure is to neutralize a sulfonation 
mixture with lime or other basic substance that will precipitate the 
sulfate ions, filter, and treat the filtrate with an alkali carbonate or 
sulfate. The filtrate from this operation is then evaporated until crys- 
tallization of the sulfonate occurs. The alkali earth and lead salts of 
the sulfonic acids, while generally soluble in water, frequently show 
marked variations for isomeric compounds so that it is possible to 
separate many sulfonation mixtures into their components by frac- 
tional crystallization of the calcium, barium, or lead salts of the sul- 
fonic acids, 

In the following discussion of sulfonation reactions, “sulfuric acid” 
refers to the concentrated acid of commerce. The expression “sulfuric 
acid monohydrate” which occurs frequently in the older literature and 
which refers to 100% sulfuric acid is not used here because it is am- 
biguous. The commonly employed term “oleum” is used in place of 
the longer “fuming sulfuric acid”; the percentage of sulfur trioxide 
present is mentioned where this was stated in the original. Where it 
was not stated the value is probably in the neighborhood of 20%. 
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SULFONATION OF BENZENE AND Its MONOALKYL DERIVATIVES 


Monosulfonation of Benzene. The reaction of benzene with sulfuric 
acid is slow at room temperature.* When benzene is refluxed with an 
equal volume of sulfuric acid, equilibrium is reached in 20 to 30 
hours,** some 80% of the benzene reacting. By the use of a somewhat 
larger amount of acid the sulfonation may be made complete,®”:*¢ this 
occurring rapidly when a large excess ** is employed. At temperatures 
from about 100° to 200° the reaction attains equilibrium *”*® when the 
concentration of the sulfuric acid drops to 73-74%. 


CeHe + HeSO4 == CeHsSO3H + H20 


This corresponds to a hydrate of H2SQ4°1.5H20. The lower limit of 
concentration of the acid, calculated as sulfur trioxide, at which sul- 
fonation can occur under a given set of conditions has been defined as 
the w of sulfonation.® % 29 
By passing benzene vapor through sulfuric acid kept at 100° or 
higher, usually 150-180°, practically all the acid is utilized in the sul- 
fonation reaction; *7 12 under these conditions the water is removed 
by the excess of benzene vapor as soon as the concentration of the acid 
drops below about 90%. If the reaction is carried to completion the 
phenyl sulfone formed may amount to 4-5% while stopping the re- 
action, when 44.5% of the sulfuric acid remains, limits the sulfone to 
about 1%. Like sulfonation, sulfone formation is a reversible reaction, 
CoHs8OsH + CoHe > (CoHs)2802 + H20 

for Gericke ** and Kekulé** noted that phenyl sulfone is converted 
into benzenesulfonie acid by sulfuric acid. On a plant scale, 80% or 
more of the sulfuric acid is converted into benzenesulfonic acid. This 
method of sulfonation is applicable to other readily volatile hydro- 
carbons such as toluene or the xylenes. For high-boiling substances ‘ 
an auxiliary ™ liquid unaffected by sulfuric acid, such as carbon tetra- 
chloride, or an inert gas, such as carbon dioxide, may be used to re- 
move the water formed. When the reacting substance is not volatile, 
as in the sulfonation of benzenesulfonic acid, the reaction may be car- 
ried out under reduced pressure ** to remove the water by distillation. 
Another method for maintaining the concentration of sulfuric acid 
high enough for sulfonation to proceed is to pass sulfur trioxide into 
the reaction mixture; this combines with the water as fast as it is pro- 
duced.*** Sulfonation is also facilitated by the presence of boron tri- 
fluoride *®* or hydrogen fluoride.** The benzenesulfonic acid may be 
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removed from a sulfonation mixture by continuous extraction with 
benzene.?& 

In a study of the catalytic effect of various sulfates and oxides upon 
the rate of sulfonation of benzene at 242-260° by 70% acid }” the most 
active catalyst was found to be a mixture of sodium sulfate and vana- 
dium pentoxide. Benzene and other hydrocarbons are sulfonated quan- 
titatively at room temperature by an excess of sulfuric acid in the 
presence of dry infusorial earth or animal charcoal.1® Benzenesulfonic 
acid is one of the products obtained in the action of iodine and sulfuric 
acid upon benzene at 170-180°. It also results from heating sulfuric 
acid and iodobenzene.*® The ready conversion of diphenylmercury to 
mercuric benzenesulfonate by sulfur trioxide 2° may explain the cata- 
lytic effects of mercury salts in certain sulfonation reactions men- 
tioned later. The catalytic effects of other substances have been in- 
vestigated for the sulfonation of a variety of compounds. These effects 
are discussed in later sections. 

Benzene is monosulfonated readily at ordinary temperatures by sul- 
furic acid containing 5-9.5% sulfur trioxide? without appreciable 
formation of disulfonic acids. Monosulfonation by direct action of 
sulfur trioxide in the liquid state is not satisfactory because of side 
reactions, but if sulfur trioxide is passed into a chloroform solution ® 1° 
of the hydrocarbon at 0-10° a 90% yield of the monosulfonic acid is 
obtainable. Sulfur dioxide has also 7?" 4 been suggested as a solvent 
for this reaction. Dioxane sulfotrioxide reacts slowly at room temper- 
ature to give a high yield of benzenesulfonic acid.2”° Sulfonation of 
benzene in the vapor phase with sulfur trioxide 2*4?8* has been pat- 
ented as a method for preparing pheny] sulfone and other similar com- 
pounds. Under reduced pressure a mixture of products is obtained.?®? 

Refluxing benzene with sodium trihydrogen disulfate ?* results in a 
slow formation of sodium benzenesulfonate. Undoubtedly the insolu- 
bility of the salt in the hydrocarbon is partly responsible for the low 
rate of the reaction. 

Chlorosulfonic acid is a very active sulfonating agent. When ben- 
zene is added to an excess of this at room temperature benzenesulfony] 
chloride 7° is formed in 70% yields. Only a trace of phenyl sulfone 
is produced, but if an excess of benzene is present 7° benzenesulfonic 
acid and the sulfone are the principal products. 

Fluorosulfonic acid?” behaves much as its chlorine analog except 
that it reacts somewhat less vigorously. By adding 55 g. of benzene 
to 225 g. of fluorosulfonic acid at 16-20° a 62% yield of benzenesul- 
fonyl fluoride is obtained.?”* Nitry] sulfate, (O2.NOSO2O0SOz2)o, reacts 
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with benzene to give in addition to other products some benzenesul- 
fonic acid.?® 

Benzenesulfonic acid may be obtained in a pure state by crystalli- 
zation from chloroform.? It melts at 52-53° and distils only in a high 
vacuum. 

Disulfonation of Benzene. Sulfonation of benzene to the disulfonic 
acids has been exhaustively investigated,?* both with reference to the 
reaction conditions and the amounts of the various isomers produced. 
Benzene with twice its volume of 20% oleum* gives only the 
m-disulfonic acid as determined by the freezing point of the disulfonyl 
chloride prepared from the reaction product. Whenever less vigorous 
sulfonating agents which require longer reaction times are used the 
formation of the para isomer becomes important. This is shown in 
Table I. Heating barium benzene-p-disulfonate with 98% sulfuric acid 


TABLE I 
SULFONATION OF BaRIuM BENZENESULFONATE AT 209° 


Time, Hours 


Cone. of Acid 4 6 18 24 30 48 
98% p-isomer, % = 11.1 10.0 13.7 16.1 15.1 22.7 
12.5% SQ3 p-isomer, % = 2.0 3.0 3.0 7.1 6.1 Listes 


slowly converts it into the meta isomer. This observation indicates 
that the mechanism of formation of the para from the meta compound 
involves hydrolysis and resulfonation. It has also been found that ben- 
zenesulfonic acid is converted to a mixture of disulfonic acids by heat- 
ing at 210-275° with sulfuric acid under reduced pressure (60 mm.) .**4 
The water distils readily enough to keep the concentration of sulfuric 
acid at a value that permits sulfonation to proceed. 

Instead of treating benzene directly with oleum, disulfonation may 
be effected by introducing one sulfo group with sulfuric acid followed 
by passing sulfur trioxide into the reaction mixture **? to complete the 
reaction, Any unreacted acid may then be utilized in further mono- 
sulfonation. Allowing benzene to react with sulfur trioxide in an inert 
solvent such as sulfur dioxide **° to effect the entrance of one sulfo 
group followed by evaporation of the solvent and the addition of more 
sulfur trioxide is also a feasible method for making the m-disulfonic 
acid, 

A number of compounds show a catalytic influence in the sulfonation 
of benzenesulfonic acid. Under conditions where 100% sulfuric acid 
with no catalyst gives only 0.87% of benzene-p-disulfonic acid, the 
presence of 1% of mercury *? as sulfate produces a 30.8% yield; like- 
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wise ordinary sulfuric acid with a mercury catalyst gives a 32.6% 
yield 84 at 235-245°. The sulfates of cadmium, aluminum, lead, 
arsenic, bismuth, and iron also have marked effects. Manganous sul- 
fate has a small effect. In the presence of selenium, carbonization 
occurs and no disulfonated compounds were isolated. 

A study of the conditions necessary for obtaining a high yield of 
mixed disulfonates when 95% sulfuric acid is the reagent indicates 
that the use of a 150% excess of acid in the presence of 0.1% of sodium 
(as sulfate) at a temperature of 250° is the most efficient set of con- 
ditions." Both sodium sulfate and vanadium pentoxide exert consid- 
erable effect in increasing the yield of disulfonates and decreasing the 
time required. For the conditions given above the sodium sulfate in- 
creased the yield of product from 78.5 to 92% for a reaction time of 
1 hour, while vanadium pentoxide gave an 84.5% yield. The extent 
of the formation of the para isomer was not determined for these re- 
action conditions. Disulfonation of benzene with sodium trihydrogen 
sulfate had been patented ** much carlier. 

By dissolving benzene in ten parts of chlorosulfonic acid and then 
heating at 150-160° for 2 hours *’ there are formed m-benzenedisul- 
fonyl chloride (10.3 g. from 10 g. of benzene), a small amount of the 
para isomer and some (phenyl sulfone) -disulfonyl chloride. This lat- 
ter may be made the chief product by varying the reaction conditions 
suitably. 

Trisulfonation of Benzene. Benzene-1,3,5-trisulfonic acid has been 
prepared by several procedures. Benzene and sulfuric acid in the pres- 
ence of phosphorus pentoxide ** at 280-290° give this reaction product. 
Potassium benzene-m-disulfonate when heated with sulfuric acid to a 
high temperature,” or benzene-m-disulfonic acid with sodium trihy- 
drogen sulfate ** at 280-300° also gives the trisulfonated compound. 
Probably the most satisfactory procedure involves the sulfonation of 
sodium benzene-m-disulfonate with oleum in the presence of mercury 
at 275°.8%,40 

Monosulfonation of Toluene. Many of the monoalky! derivatives 
of benzene have been sulfonated, but only for toluene has this reaction 
been investigated in detail. Jaworsky * first prepared the mixed sul- 
fonic acids, from which the two isomers were later separated,*? by sul- 
fonation of toluene with sulfuric acid. The structures of the two iso- 
mers were determined by fusion with alkali“? There was considerable 
controversy among some of the earlier investigators ** regarding the 
presence of m-toluenesulfonic acid as one of the sulfonation products. 
Later work seems to indicate that a small percentage of this isomer is 
usually formed; the evidence consists in the isolation of the 2,5-disul- 
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fonic acid in the disulfonation of toluene *® and the melting points of 
mixtures of the sulfonyl chlorides ** obtained from monosulfonation 
products, rather than in an actual isolation of the sulfonic acid. The 
meta isomer seems to be formed directly from toluene rather than by 
rearrangement of either of the other isomers, and it does not change 
into either of them when heated at 100° with sulfuric acid. On the 
other hand, the ortho and para isomers show slow interconversion even 
at 75°, 

Toluene sulfonates somewhat more readily than does benzene, 96— 
100% sulfuric acid reacting readily at 35°, and even at 0° at an ap- 
preciable rate ** although at this temperature the acid needed to com- 
plete the sulfonation is somewhat more than six times the weight of 
the toluene used. Variation of the concentration of the acid over the 
range 96-100% has no effect upon the percentage of each isomer pro- 
duced but this is influenced by the reaction temperature and the ex- 
cess of acid used. The para isomer is formed in larger amounts at the 
higher tempcratures, at 75° the composition of the reaction product 
being 75% para, 6% meta, and 19% ortho isomers. Addition of silver, 
mercurous, or potassium sulfate has no appreciable influence *? upon 
the percentages of the isomers, either with sulfuric acid or oleum. The 
results obtained with oleum ‘74% are not greatly different than those 
with the concentrated acid, Holdermann‘’ reporting a mixture of 
69% para and 31% ortho isomers from sulfonation with oleum. For 
the quantitative sulfonation of toluene in “petroleum toluene” 3% 
oleum is most satisfactory.**%® Two volumes of acid to one of the 
petroleum fraction were used. The reaction was complete in 15 min- 
utes. 

Toluenesulfonic acids have been prepared by passing toluene vapor 
through sulfuric acid as already described *** for benzene (see p. 199), 
and by long refluxing of toluene with sodium trihydrogen disulfate.** 
The electrochemical sulfonation of toluene in alcohol claimed by 
Puls **® does not occur.*# The separation of toluene from petroleum 
fractions has been accomplished by sulfonation with sulfuric acid +94 
at 60°. 

By sulfonating toluene with gaseous sulfur trioxide **’ at 40-55° 
there results a mixture containing 20-24% of the p-sulfone, and 7.9- 
8.5% of the ortho, 54-56% of the para, and 6-7% of the meta sulfonic 
acids. The meta acid was not found in experiments where phosphorus 
pentoxide or acetic anhydride was present in the reaction mixture. 

In the first use of chlorosulfonic acid °° the formation of p-toluene- 
sulfonic acid and p-toly] sulfone were reported, and mention made of 
the possibility of some o-toluenesulfonic acid being present. In a 
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comparison of the sulfonating action ** of chlorosulfonic and sulfuric 
acids at 35° the results shown in Table II were obtained. The product 


TABLE II 
SuLFonaTIne AGENT para Aciv, % meta Acip, % ortho Acip, % 
Chlorosulfonie acid 58.8 3.8 37.5 
Sulfuric acid 63.1 6.3 30.6 


obtained by adding 60 g. of toluene to 150 g. of chlorosulfonic acid at 
10° is chiefly a mixture of the acid chlorides,*#* ** an 8% yicld of tolu- 
enesulfonic acids remaining in the water soluble portion of the reaction 
mixture. 

The mechanism of the sulfonating action of chlorosulfonic acid has 
been reviewed and further investigated by Harding.*? There can 
hardly be any doubt that sulfonic acid formation precedes the appear- 
ance of the sulfonyl chlorides in reactions involving this reagent. 


CH3CeHs + CISO3;H _ CH3C.H.S0O;H + HCl 
CH3CgH.SO3H + CISO3H _ CH3CgH4802Cl + H2804 


Harding was able to obtain as high as 95% yields of the p-toluene- 
sulfonyl] chloride at 75-80°, lower temperatures favoring ortho sulfo- 
nation. The percentages of ortho and para isomers present were esti- 
mated by conversion of the chlorides into the amides and determining 
the melting points of the mixtures.*® These results are of considerable 
technical interest as the ortho isomer is the one required in the manu- 
facture of saccharin. 

The complex reaction between chlorosulfonic anhydride and toluene 
has been investigated in some detail.** At 60° a great deal of hydrogen 
chloride and somewhat less sulfur dioxide are evolved, the sulfonation 
products including p-toluenesulfonic acid, a chlorosulfone, p-toluene- 
sulfonyl chloride, and a mixture of some isomeric dichlorotoluenes. 
The sulfonic acid and sulfonyl chloride may be accounted for by the 
equations listed below. 


2CeHsCH3 + S2eOsCle — (CH3CgH4SO2)20 + 2HCl 
(CH3CgH4S8O2)20 + HCl — CH3CeH.802Cl + CH3CgH4SOsH 


or 


2CeHsCH3 + SeOsCle — 2CH3CgHsSQoCl + HeO 
S205Cle + 3H20 — 2H2SO.4 + 2HCl 
CeHsCH3 + H2804 — CH3CeH4SOsH + H2O 


If the first equation is correct, the chlorosulfonic anhydride reacts in 
the same manner as does chlorosulfonic acid. In the presence of alu- 
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minum chloride reaction occurs even below 0° with formation of 
p-toluenesulfonic acid, p-tolyl sulfone, and chlorotoluenes. 

Excess fluorosulfonic acid 27° at ordinary temperatures gives an 89% 
yield of a mixture of the toluene sulfonyl] fluorides of which about 40% 
is the ortho isomer. 

Di- and Trisulfonation of Toluene. Sulfonation of toluene at a high 
temperature with oleum *5 gives toluene-2,4-disulfonic acid as the main 
product together with a little of the 2,5-isomer. Since this latter is 
not obtained from o- or p-toluenesulfonic acid it indicates that 
m-toluenesulfonic acid is one of the primary sulfonation products, since 
further sulfonation converts it into a mixture of the 2,5- and 3,5- 
disulfonic acids.5® It would be of interest to study the sulfonation of 
toluene under conditions which have been found to give the sym- 
disulfonic acids with chloro- and bromobenzene (see p. 214). 

Sulfonation of p-toluenesulfonyl chloride with oleum ** 57 at 140- 
150° gives an excellent yield of the 2,4-disulfonic acid, hydrogen chlo- 
ride being evolved. o-Toluenesulfonyl chloride may be sulfonated 
without hydrolysis occurring.*”> Heating toluene with eight parts of 
chlorosulfonic acid at 140-150° produces a high yield of the 2,4-disul- 
fonyl chloride? No mention was made of an isomeric product. By 
changing the conditions suitably (p-tolyl sulfone)-disulfonyl chloride 
is formed in large amounts. Heating the mixture of o- and p-toluene- 
sulfonyl fluorides already referred to with more fluorosulfonic acid at 
130-140° for 3 hours results in a 48% yield of the 2,4-disulfonyl fluo- 
ride.?74 

Sulfonation of the potassium 2,4-disulfonate with three molecular 
equivalents of chlorosulfonic acid at 240° gives the 2,4,6-trisulfonic 
acid.°§ 

Sulfonation of Higher Alkylbenzenes. In marked contrast with the 
behavior of toluene, ethylbenzene with sulfuric acid,5* oleum,®*® or 
chlorosulfonic acid yields only the p-sulfonic acid. This is in accord 
with the observation that the ortho isomer, prepared in an indirect 
manner, rearranges *! rapidly upon heating at 100° into the para com- 
pound. This reaction has apparently not been studied for the higher 
alkylbenzene-o-sulfonic acids. With 50% oleum * ethylbenzene is 
converted into the 2,4-disulfonic acid. By standing with four parts of 
fluorosulfonie acid an 86% yield of the 4-sulfonyl fluoride was ob- 
tained, together with a small amount of the sulfone. 

Sulfonation of n-propylbenzene with sulfuric acid * or oleum,*® * 
isopropylbenzene with sulfuric acid ®7 or oleum,**** and n-butylben- 
zene with oleum ® give small but definite amounts of the ortho isomers 
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together with high yields of the p-sulfonic acids. By the action of 
sulfuric acid containing small amounts of sulfur trioxide, sec-butyl- 
benzene,”° tert-butylbenzene,™ several isomeric amylbenzenes,’ 7 and 
hexylbenzenes,7#*"*4 and n-octylbenzene ™¢ are converted into sul- 
fonic acids which are undoubtedly the para isomers. This, however, 
has not been formally demonstrated except in the case of neopentyl- 
benzene *® where a 95% yield of the p-sulfonic acid was obtained. 
Oxidation gave the corresponding benzoic acid. If any ortho isomers 
are formed in the preceding sulfonations they are present in small 
quantities. n-Hexadecyl and n-octadecylbenzenes with oleum 7 like- 
wise give the p-sulfonic acids. Here the structures of the compounds 
were proved by alkali fusion. These higher alkylbenzenesulfonic acids 
are excellent reagents for the hydrolysis of fats.7®® 

Several alicyclic derivatives of benzene have been sulfonated. Cy- 
clohexylbenzene with oleum **¢ in excess is converted into the 4-sulfonic 
acid. 3-Methylcyclopentylbenzene, CH3C;HsC,Hs, has also been sul- 
fonated with oleum.7*¢ Only one sulfonic acid was reported in each 
instance. Bornylbenzene is sulfonated quantitatively by the action of 
sulfuric acid at room temperature.7*@ The sulfo group is in all proba- 
bility in the para position in the benzene ring. 

Numerous alkylbenzenesulfonic acid salts have been patented as 
washing or emulsifying agents.” In general the commercial products 
are mixtures obtained by the sulfonation of mixed sec-alkylbenzenes 
which in turn have been prepared by the action of a mixture of olefins 
or alkyl chlorides with benzene in the presence of a condensing agent, 
usually aluminum chloride or sulfuric acid. An exception is the sul- 
fonation product of laurylbenzene 7® which was prepared from lauro- 
phenone by reduction. In this instance sulfonation was effected by 
chlorosulfonic acid or oleum in ethylene chloride solution. The alkyl 
group may contain substituents as in the product obtained by condens- 
ing oleone 7 or oleic acid 7 with benzene and sulfonating the prod- 
uct.76& 

In a number of instances ™/ the alkylbenzenesulfonic acids have 
been obtained by alkylation of benzene, toluene, or xylenesulfonic 
acids. This is surprising as meta-directing groups prevent the occur- 
rence of reactions of the Friedel-Crafts type. However, Desseigne 7** 
has shown that p-toluenesulfonic acid condenses with isopropy! alcohol 
readily in 93% sulfuric acid at 40°. After removal of the sulfo groups 
by acid hydrolysis o-cymene and 2,6-diisopropyltoluene were obtained 
in about equal amounts. Even the presence of a nitro group did not 
prevent the condensation. : 
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The sulfonation reactions of a variety of benzylsilicanes 77 should be 
mentioned here since they are closely related to simple alkylbenzenes. 
Sulfonation of benzyltrimethylsilicane, for example, with chlorosul- 
fonic acid in chloroform gives the p-sulfonic acid without disturbing 
the silicon-containing side chain. 


SULFONATION OF THE DIALKYLBENZENES 


With the Alkyl Groups Identical. Pure compounds are readily ob- 
tained in the sulfonation of these dialkylbenzenes since, with two ex- 
ceptions, only one monosulfonic acid results regardless of the nature 
or position of the alkyl groups. 

o-Xylene is converted into the 4-sulfonic acid by warming with an 
equal volume of sulfuric acid.”** In the presence of 2% and 10% of 
mercury (as sulfate), however, there is formed 8% and 22% respec- 
tively of the 3-sulfonic acid. Shaking 20 ml. of the hydrocarbon 
with 24 ml. of sulfuric acid 7** at room temperature sulfonates 68% in 
0.5 hour and 82% in 2 hours. The 3-sulfonic acid rearranges into the 
4-isomer either from heating alone” or in sulfurie acid solution.’®” 
Separation of the o-xylenesulfonic acid from the products obtained in 
the sulfonation of a mixture of the xylenes is readily feasible by tak- 
ing advantage of the difference in solubilities of the calcium or so- 
dium * salts of the isomeric acids. 

Sulfonation of barium o-xylene-p-sulfonate with twice its weight of 
chlorosulfonic acid ** at 150° gives a disulfonic acid whose structure 
was not determined. That it is the 3,5-disulfo compound seems very 
probable, however, as an excess of chlorosulfonic acid’ converts 
o-xylene into the 3,5-disulfonyl chloride. 

Sulfonation of m-xylene with sulfuric acid *? occurs somewhat more 
readily ® than for the ortho and para isomers. Either sulfuric acid or 
oleum **:85 produces the 4-sulfonic acid as the sole or chief product. 
The 2-sulfonic acid readily undergoes rearrangement ** to the 4-isomer 
so would hardly be expected as a product of a high-temperature sul- 
fonation. It has been isolated in small amounts from the product ob- 
tained in the sulfonation of m-xylene at room temperature with sul- 
furic acid.* 

An excess of fluorosulfonic acid ?** at room temperature converts 
m-xy lene into the 4-sulfony] fluoride. This by heating to 100° with more 
of the reagent is claimed to give a 70% yield of the 2,4-disulfony] 
fluoride. This structure seems unlikely in light of the behavior of 
other sulfonating agents which give the 4,6-compound. Heating 
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m-xylene with pyrosulfuric acid forms a disulfonic acid which was at 
first also believed to be the 2,4-isomer °’ since its properties were simi- 
lar to those of the acid obtained by reduction of 6-bromo-m-xylene- 
2,4-disulfonic acid with zinc and ammonium hydroxide. Likewise, 
treatment with phosphorus pentachloride and fusion with alkali yields 
2,4-compounds. Sulfonation of the 2- and 4-sulfonic acids ** produces 
the same compound. More recent investigations ** ° 8° have shown, 
however, that this disulfonic acid and the corresponding disulfony] 
chloride obtained when chlorosulfonic acid is the sulfonating agent are 
actually the 4,6-isomers. The reactions which led to assigning the 2,4- 
structure have all been satisfactorily explained by rearrangements. 

p-Xylene is more difficult to sulfonate °° than its two isomers. Under 
comparable conditions 68% of a sample of p-xylene dissolved in sul- 
furic acid while 82% of the ortho isomer reacted.” The monosulfonic 
acid has also been prepared by the action of oleum of various concen- 
trations.°+ With acid containing 25% sulfur trioxide a high yield of 
the crystalline sulfonic acid results by pouring the reaction mixture 
into a small volume of water. With fluorosulfonic acid in excess at 
25°, p-xylene gives an 85% yield of the sulfonyl fluoride? Disulfo- 
nation does not occur as it dves for m-xylene. 

Heating p-xylene with 50% fuming sulfuric acid at 140-150° pro- 
duces the 2,6-disulfonic acid °? as the chief product. The action of an 
excess of chlorosulfonic acid ® results in the formation of the 2,6- and 
2,5-disulfonyl chlorides in a ratio of 10 to 1; p-xylyl sulfone is an im- 
portant by-product.?” None of the 2,3-isomer was found. A disulfonic 
acid which is probably the 2,6-compound results from treatment of 
p-xylenesulfonyl chloride with sulfuric acid.” 

Sulfonation of the other dialkylbenzcnes gives sulfonic acids which 
are analogous in structure to those obtained from the xylenes except 
that two sulfonic acids have not been isolated from the meta com- 
pounds as in the case of m-xylene. Although generally the structures 
of the acids obtained have not been established by independent syn- 
theses they can be inferred by analogy with the corresponding xylene 
derivatives. These remarks apply to the monosulfonation of ortho,®* 
meta, and para diethylbenzenes, p-di-n-propylbenzene,®’ ortho °* 
and m-diisopropylbenzene,* and p-di-tert-butylbenzene.*** The di- 
propylbenzene disulfonated with oleum by Heise ® is of uncertain 
structure as the hydrocarbon was obtained by the action of aluminum 
chloride upon n-propylbenzene. 

From the standpoint of their reaction toward sulfonating agents hy- 
drindene and tetralin may well be included here. Shaking hydrindene 
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with two parts of sulfuric acid #° converts it into a mixture of two 
monosulfonic acids, I and II, of which II is the less soluble in water. 


He 
SO3H CG 
CH HOs CH HOs \cHe 
Foc ih \ lh 
C Cc C 
He He He 
T II III 


Tetralin with sulfuric acid 1°°° gives almost entirely the 2-sulfonic 
acid (III) which crystallizes from water as the dihydrate. With 
chlorosulfonic acid ‘?°°* both possible sulfonic acids result; these are 
separable by crystallization of the less soluble 1-sulfo compound from 
chloroform or its lead salt from water. When 180 g. of tetralin stands 
with 730 g. of fluorosulfonie acid 2** at 15~20° for 12 hours, the 
1-sulfonyl fluoride is produced in 12~16% yields. 

1,1-Dimethyltetralin monosulfonates readily when treated with an 
equal volume of sulfuric acid '°¢ at 90° for 2 hours. Ionene (1,1,6- 
trimethyltetralin) behaves similarly.°° This probably gives the 
7-sulfonic acid as 6-methyltetralin gives the 7-sulfonated compound. 

With Unlike Alkyl Groups. A detailed knowledge of the sulfonation 
products obtained from the dialkylbenzenes containing unlike alkyl 
groups would be of interest in determining alkyl] directive influences, 
but unfortunately in most reactions the structures of the isomeric sul- 
fonic acids formed have not been established. Except in the case of 
p-cymene, even where the structures of the acids are known, the rela- 
tive amounts of the isomers obtained have not been accurately deter- 
mined. What evidence there is indicates that the methyl group has a 
greater ortho directive influence than n-propyl] or isopropyl, and that 
this difference becomes more pronounced when methyl is compared 
with the higher alkyl] groups. It has been found in several reactions 
that of two isomeric sulfonic acids the one formed in larger amount 
gives a barium salt much less soluble in water than that of the isomer. 

The ortho,! meta,°? and para 1% ethyltoluenes are each sulfo- 
nated by sulfuric acid or weak oleum to a mixture of two isomeric sul- 
fonic acids whose structures are unknown. For the ortho and para 
compounds one sulfonic acid is produced in much larger quantity than 
the other. 

Meta*© and para 1*1° n-propyltoluenes have likewise each been 
shown to give a pair of isomeric sulfonic acids; separation was accom- 
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plished by differences in solubilities of the barium salts. For the para 
compound the structures were determined and the compound contain- 
ing the sulfo group ortho to methyl] was found to be the principal 
product. Sulfonation of o-isopropyltoluene with oleum **" at 50° gives 
two acids of unknown constitution but for m-isopropyltoluene in the 
sulfonation with sulfuric acid *°* the structures are known,’ the chief 
product being 3-isopropyltoluene-6-sulfonic acid. Separation was 
again accomplished by the much greater solubility in water of the 
barium salt of the minor product, 1-methyl-3-isopropylbenzene-4-sul- 
fonic acid. 

The sulfonation of p-isopropyltoluene(p-cymene) has been investi- 
gated in some detail. Early workers **° assumed the presence of only 
one monosulfonic acid and a search for a second isomer by Jacobsen *** 
was unsuccessful. Soon thereafter,:?? however, the barium salt of a 
second acid was isolated from the product obtained by sulfonating the 
hydrocarbon with sulfuric acid at 100°. The yield of this was later **° 
given as 14.6% for these conditions. The isomer produced in lesser 
quantity gives thymol upon fusion with alkalit** and hence is 
1-methyl-4-isopropylbenzene-3-sulfonic acid. It would be of interest to 
learn the relative directive influence of the two alkyl groups in o-iso- 
propyltoluene. Careful studies +4 +2* of the sulfonation of p-cymene 
with sulfuric acid at various temperatures and also with 15% oleum 
showed that the best yield (15.6%) of the 3-sulfonic acid was obtained 
by the action of sulfuric acid at 100° with a 1 to 3 ratio of hydrocarbon 
to acid. At 0° with oleum the yield of this isomer dropped to 2.5%, 
a 90% yield of the barium salt of the principal acid being recoverable. 
Above 100° the formation of disulfonic acids becomes important. The 
addition of potassium, silver, cobaltous, or nickelous sulfates to the 
sulfonation mixture did not change the amount of 3-sulfonic acid 
formed when sulfuric acid was the reagent while cupric and mercuric 
sulfates decreased it from 15.6% to 9.4% and 9.7% respectively. From 
2.8 molecular equivalents of sulfuric acid **” substantially the same 
results were obtained as in Phillip’s work,?*® never more than 20% of 
the 3-isomer resulting. Isolation of the 2-sulfonic acid as the magne- 
sium salt has been patented.1*® Chlorosulfonic acid **® gives the 
2-sulfony] chloride as the chief product. 

With sulfuric acid #4 +#° or oleum *** m-tert-butyltoluene gives only 
one sulfonic acid, the sulfo group undoubtedly being ortho to methyl 
and para to tert-butyl. The “p-butyltoluene” sulfonated by Kelbe 
and Baur **° may have been p-cymene.!”? 

Sulfonation of 1-ethyl-4-n-propylbenzene with sulfuric acid *** at 
100° yields the two possible isomers; their structures were determined 


SULFONATION OF TRIALKYLBENZENES 211 


by oxidation of the sulfonamides. For 1-ethy]-3-isopropylbenzene,!** 
l1-ethyl-4-isopropylbenzene,’ p-isoamyltoluene,}** and a tert-butyl- 
ethylbenzene © of unknown structure only one acid was reported. One 
would expect the sulfo group to occupy a position ortho to the small 
alkyl group in each compound. This is probably also true for p-n- 
octyltoluene !?7* and p-n-hexadecyltoluene }””® which are readily sul- 
fonated by oleum. 1-n-Propy]l-4-isopropylbenzene,!* on the other 
hand, gives both isomers. The structures of these were not determined, 
however. 

3-Cyclohexyltoluene reacts readily with sulfuric acid }7° to give what 
is probably the 6-sulfonic acid. 


SULFONATION OF TRIALKYLBENZENES 


Of the trialkylbenzenes, sulfonation of the trimethyl compounds has 
been most thoroughly studied. 1,2,3-Trimethylbenzene 1*° (hemimelli- 
thene) dissolves readily in sulfuric acid to give the 4-sulfonic acid.1#2 
1,2,4-Trimethylbenzene (pscudocumene) likewise gives only one mono- 
sulfonation product,)*? the 5-sulfonic acid. Using sulfury] chloride }* 
and aluminum chloride produces the corresponding 5-sulfonyl chloride 
as one of the products. The action of fluorosulfonic acid 2” yields a 
sulfonyl] fluoride. 

1,3,5-Trimethylbenzene (mesitylene) monosulfonates readily 157%. 154 
with sulfuric acid.1®> Oleum has been employed in one instance *** to 
form this sulfonic acid, and sulfury] chloride ?®* with aluminum chlo- 
ride gives some of the sulfonyl chloride. By heating 40 g. of mesitylene 
with 400 g. each of sulfuryl chloride and chlorosulfonic acid **" at 100° 
for 10 hours a high yield of the disulfony] chloride is obtained. This 
compound also results in 70% yield when mesitylene reacts with chlo- 
rosulfonic acid 147? at —5°. Fluorosulfonic acid 2" gives a sulfonyl 
fluoride which with chlorosulfonic acid sulfonates further and ex- 
changes fluorine for chlorine to yield the disulfonyl chloride. The di- 
sulfonic acid reacts with sulfur trioxide #7" at 120° to give a small 
yield of the trisulfonic acid. 

1,2,4-Triethylbenzene upon treatment with oleum 1** gives only one 
sulfonic acid. By analogy with the structure of the acid obtained from 
the methyl compound this should be the 5-isomer. 1,3,5-Triethyl- 
benzene 188 and 1,3,5-triisopropylbenzene }** have also been monosul- 
fonated. Of the trialkylbenzenes containing more than one kind of 
alkyl] group, 1,4-dimethyl-2-ethylbenzene ##°"- 4° 1,5-dimethyl-2-ethyl- 
benzene,#°182¢ 1 2-dimethyl-4-n-propylbenzene,* 1/4-dimethyl-2-n- 
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propylbenzene,™! 1,5-dimethyl-2-n-propylbenzene, 1,5-dimethyl-2- 
isopropylbenzene,?*? 1,3-dimethyl-5-tert-butylbenzene,?7* *? 1-methyl- 
2-n-propyl-4-isopropylbenzene,'** and 1-methyl-3,5-diisopropylbenzene 
yield one monosulfonic acid whereas from 1,2-dimethyl-4-ethylben- 
zene 180,140,144 and 1,2-dimethyl-4-isopropylbenzene two isomers are 
obtained. None of these structures is known. Sulfonation of 1,3- 
dimethyl-5-ethylbenzene ‘4° has been found to yield only the 2-sulfonic 
acid. 


SULFONATION OF POLYALKYLBENZENES 


Sulfonation of several tetra- and pentaalkylbenzenes is complicated 
by the occurrence of rearrangements, the so-called Jacobsen reac- 
tion.14% 147 1,2.3,4-Tetramethylbenzene (prehnitene) sulfonates read- 
ily 182¢.148 with no shift of the methyl groups. The same product is 
formed by the action of sulfuric acid *** 747 upon pentamethylbenzene. 
The mechanism of this reaction involves the disproportionation of pen- 


CH3 CH3 CH3 
CH3 CHz3 CH3; CH3; CH3 
+ H2S04 — + 
CH3 ICH3 CH; CH3 ICH3 


CH3 SO3H CH3 


tamethylbenzenesulfonic acid 747 which is accompanied by side re- 
actions. The sulfonic acids obtained from 1,2,3,5-tetramethylbenzene 
(isodurene) and 1,2,4,5-tetramethylbenzene (durene) rearrange 1°?" 
either in a desiccator over or mixed with phosphorus pentoxide, or 
upon standing with sulfuric acid, to give chiefly 1,2,3,4-tetramethyl- 
benzenesulfonic acid. These reactions are accompanied by a copious 
evolution of sulfur dioxide, about 0.34 mole being formed for every 
mole of durene or durenesulfonic acid used; a brown amorphous mate- 
rial and a black sulfonic acid were also isolated. Sulfonation of a 
mixture of durene and isodurene is the most convenient source of prehn- 
itenesulfonic acid so far discovered, and by hydrolysis, for the hydro- 
carbon itself. 

Since the rearrangement reactions of the durene and isodurenesul- 
fonic acids are comparatively slow, about twenty-five days being re- 
quired for them to go to completion at room temperature, the sulfonic 
acids of these hydrocarbons are readily prepared. 1,2,3,5-Tetrameth- 
ylbenzenesulfonic acid has been obtained by action of either fum- 
ing *7¢4° or concentrated '** sulfuric acid upon the hydrocarbon. 
The isomeric 1,2,4,5-compound has been sulfonated with fuming sul- 
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furic acid #7150 and chlorosulfonic acid.*#?51_ In the chlorosulfonic 
acid reaction some of the sulfony] chloride is also formed. 

The sulfonic acid obtained from ethylmesitylene and oleum 1251526 
has the unrearranged structure, but with sulfuric acid at 60—70° after 
6 hours only rearranged products remain.°?> The reaction is complex 
since hydrolysis of the sulfonic acids yields mesitylene, 1,3-dimethyl- 
2-ethylbenzene, 1,2,3,4-tetramethylbenzene (prehnitene) as well as 
1,2,4-trimethyl-3-ethylbenzene (3-ethylpseudocumene), the main prod- 
uct. 1,2,4-Trimethyl-5-ethylbenzene sulfonates less readily than ethyl- 
mesitylene but the sulfonic acid rearranges much more rapidly.152?- 158 
Oleum 225 and chlorosulfonic acid +5 yield an unrearranged sulfonic 
acid. 1,2,4-Trimethyl-3-ethylbenzene does not undergo the Jacobsen 
reaction. 1,3,5-Trimethy]-2-n-propylbenzene,?°?:154* 1,3,5-trimethyl-2- 
n-heptylbenzene }**¢ and 1,2,4,5-tetraethylbenzene 15*%° have been sul- 
fonated, but only in the last case was there evidence of rearrangement. 
1,2,3,4-Tetraethylbenzenesulfonic acid and hexaethylbenzene result 
from sulfonation 1°*°-155 of pentaethylbenzene. Although pentamethyl- 
benzene undergoes the Jacobsen reaction it is possible to prepare the 
sulfonic acid 1*%47 if this is not allowed to stand too long with the 
sulfonating agent. 

It is interesting to note at this point that octahydroanthracene be- 
haves in a manner exactly analogous to 1,2,4,5-tetramethylbenzene. 
By short sulfonation with sulfuric acid the sulfonic acid results but 
upon standing with the sulfonating agent rearrangement occurs 1° as 
indicated by the equation. The final product may also be prepared 
by sulfonation of octanthrene 1°* (octahydrophenanthrene). 


He Hz 


S0.H op, 
Ha 2 He ‘ He 
| + HSO,-— -_—— 
BQ, He He o He 
He He He He 
He s0;H 
He 
He 
He Ha 
He He 
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SULFONATION oF HALOGEN DERIVATIVES or BENZENE 


Three generalizations may be made about the sulfonation reactions 
of the halobenzenes. (1) Sulfonation occurs with more difficulty than 
for the unsubstituted hydrocarbon. (2) The directive influence of any 
halogen is strongly para. Only when the para position is not open docs 
an ortho isomer result, except when a mercury catalyst is used. (3) 
Sulfonating agents which react slowly with bromo and particularly 
with iodo compounds frequently bring about a removal or redistribu- 
tion of the halogen atoms. As an extreme case, p-diiodobenzene cannot 
be satisfactorily sulfonated with any reagent so far investigated; even 
with sulfur trioxide the products are polyiodobenzenes and a mixture 
of sulfonic acids. These halogens change places more readily than do 
methyl] groups in the Jacobsen reaction. Too little is known concern- 
ing the two reactions to decide whether or not they have a common 
mechanism. 

Sulfonation of Monohalobenzenes. Sulfonation of fluorobenzene 74 
with 10% oleum at a maximum tempcrature of 70° occurs readily with 
formation of the 4-sulfonic acid. This was isolated as the barium or 
ammonium salt. Chlorosulfonic acid at 50° gives the sulfone unless a 
solvent is present; then the p-sulfonyl chloride is formed.157® 

Chlorobenzene reacts with sulfuric acid ?:*5* slowly even at 100°, and 
reacts with oleum ?°* of various concentrations at lower temperatures. 
The reaction proceeds best with enough 10% oleun) to contain one 
mole of sulfur trioxide per mole of chlorobenzene ** and at a reaction 
temperature not above 60°. By reaction with an equimolecular quan- 
tity of chlorosulfonic acid,** small amounts of the 4-sulfonyl chloride 
and sulfone are formed in addition to the sulfonic acid. By the use 
of an excess of the sulfonating agent,'5*® 1° preferably at 25°,3** or a 
mixture also containing oleum, the 4-chlorobenzenesulfony] chloride is 
obtained in good yields. This acid chloride is further sulfonated by 
100% sulfuric acid ***> at 160-180° to chlorobenzene-2,4-disulfonic 
acid, and by chlorosulfonic acid 37 at 150-180° to the 2,4-disulfony] 
chloride. Interestingly enough, chlorobenzene, the 4-sulfonic acid, or 
the 2,4-disulfonic acid, when heated to 300° with 20% oleum *:16 
gives chiefly the 3,5-disulfonic acid. This may be considered analogous 
to the abnormal halogenation in the meta position to groups ordinarily 
ortho-para directing which has been found by Wibaut 1* to occur at 
high temperatures in the vapor phase. 

From refluxing bromobenzene with ten times its weight of sulfuric 
acid *** a complex mixture of products results. These include 3,5-di- 
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bromobenzenesulfonic acid, two isomeric bromobenzenedisulfonic acids, 
p-dibromobenzene, 1,2,4,5-tetrabromobenzene, and hexabromobenzene. 
The formation of these compounds may be due to oxidation of part of 
the bromobenzene to give bromine or hypobromous acid which then 
brominates both the sulfonated and unsulfonated compounds. The 
presence of 3,5-dibromobenzenesulfonic acid suggests that the follow- 
ing reactions may occur. 


CeHsBr + HeSO4 => CeH;sSO3H + HOBr 
CsHsSO3H + HOBr — m-BrC.gH4SO3H + HeO 
CeHsBr + HOBr _ p-CeHaBre + H2O 


Carbon monoxide was found in the gases evolved during the reaction. 
A quantitative study would undoubtedly aid in formulating a more 
satisfactory mechanism for the complex changes that occur. With 
oleum 16°.169 the sulfonation proceeds normally to form the 4-sulfonic 
acid and a little bis-(p-bromophenyl) sulfone.’7° Chlorosulfonic 
acid 7575 in carbon disulfide solution has been shown 11694171 to give 
the same products. Sulfonation to the 2,4-disulfonic acid results from 
the action of sulfur trioxide 1° at 200-220° or of pyrosulfuric acid *7? 
at 220-240°. As with chlorobenzene, oleum *7* at 300° gives the 3,5- 
disulfonic acid. 

Iodobenzene with sulfuric acid ?7* or oleum 1%174,175,176 yields the 
4-sulfonic acid and bis-(4-iodopheny]l) sulfone. At high temperatures, 
even noticeably at 100°, side reactions occur?" with formation of 
p-diiodobenzene and benzenesulfonic acid. As would be expected, this 
occurs more readily than with bromobenzene. 


2CeHsI + He8O04 — CeHale + CgHsSO3H + H2eO 


The best yield of diiodobenzene (20 g. from 50 g. of iodobenzene) re- 
sults from heating equal weights of iodobenzene and sulfuric acid at 
170-180° for 2 hours. Barium p-iodobenzenesulfonate and benzene- 
sulfonate were recovered from the water-soluble products. 

Sulfonation of Di- and Trihalobenzenes. Considering the availabil- 
ity of the polyhalogenated benzenes their sulfonation reactions have 
been little investigated. The work done has been confined almost en- 
tirely to a few chloro and bromo compounds. 

Sulfonation of o-dichlorobenzene at room temperature 177 or 210° 178 
with oleum gives only the 4-sulfonic acid. The use of 7% oleum at 
100° has also been recommended ?” for the preparation of this com- 
pound. If 2% or 10% of mercury is present as a catalyst the yields 
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of 3-sulfonic acid are 16% and 26% respectively. This formation of 
an ortho isomer does not occur +*° except in the presence of a mercury 
catalyst. Chlorosulfonic acid yields the sulfone unless a solvent is 
used.157® 9-Dichlorobenzene sulfonates more readily than the para 
isomer and a suggested method of separation ** of the two compounds 
is based upon this difference in reactivity. 

m-Dichlorobenzene has been sulfonated to ‘the 4-sulfonic acid by 
oleum of varying composition.17*17® Heating 30 g. of the dichloro- 
benzene with 70 ml. of 45% oleum at 140-150° for 5 hours gives the 
4,6-disulfonic acid.182 The corresponding disulfonyl chloride had pre- 
viously 788 been prepared from resorcinoldisulfonic acid by heating 
with phosphorus pentachloride. 

p-Dichlorobenzene has been converted to the monosulfonation prod- 
uct with sulfur trioxide +#* or 10% oleum.'7?85 Where oleum was used 
24 hours’ shaking was necessary to complete the reaction at room tem- 
perature. By heating p-dichlorobenzene at 150° for 1 hour with excess 
chlorosulfonie acid +#* an 85% yield of the sulfonyl chloride results; 
heating at 140° for 48 hours gives a mixture ?*" of 2,5-dichlorobenzene- 
1,3-disulfonyl chloride and the isomeric 1,4-compound in which the 
former predominates. 

Sulfonation of o-dibromobenzene in the absence of a catalyst gives 
only the 4-sulfonic acid while in the presence of 10% mercury a 24% 
yield of the 3-isomer was noted.'® p-Dibromobenzene has been sul- 
fonated with oleum under various conditions..** Apparently the meta 
compound has not been investigated in this connection. All three 
isomers give the sulfonyl chlorides with chlorosulfonic acid.157? 

Various attempts to sulfonate p-diiodobenzene have given unsatis- 
factory results.18 The maximum amount of the sulfonic acid was ob- 
tained by the use of sulfur trioxide, but at best no more than a 10% 
yield was isolated. Polyiodination products were always obtained. 
Chlorosulfonie acid at 50° gives 2,3,5,6-tetrachloro-1,4-diiodoben- 
zene,157 

Of the mixed dihalobenzenes, apparently only p-chlorobromobenzene 
has been studied. This gives with oleum a mixture of the two sul- 
fonic acids in about equal ?®? amounts. With chlorosulfonie acid the 
chief product is 2-bromo-5-chlorobenzenesulfony! chloride.+57® 

1,3,5-Trichlorobenzene with excess chlorosulfonic acid gives the sul- 
fonyl chloride while 72% oleum at 100° for 56 hours gives the disul- 
fonic acid.1*?. The corresponding tribromo compound has been mono- 
sulfonated,}®?-1°8 and 1,2,4-tribromobenzene *™ gives the anhydride of 
an acid of unknown structure. Treating 1,2,3,5-tetrabromobenzene 
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with oleum at 100° for fourteen days yields a monosulfonie acid.” 
Whether or not the bromines occupied their original positions was un- 
determined. 
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The compounds formed in the sulfonation of benzene derivatives 
containing both alkyl and halogen groups are primarily of interest in 
determining the relative directive influence of these groups. It has al- 
ready been pointed out that for the homologs of benzene substitution 
is predominantly para to the alky! group but that ortho compounds 
are frequently present in reaction products; on the other hand, sul- 
fonation of the halobenzenes occurs only in the para position. This 
difference in directive influence likewise manifests itself in the sulfona- 
tion of compounds containing both kinds of groups. In general the 
para directive influence of a halogen is greater than that of a methyl 
group, whereas for an ortho position the reverse is true. Thus 2-chloro- 
toluene forms only the 5-sulfonic acid while 4-chlorotoluene gives a 
mixture of the two possible isomers in which the 2-sulfonic acid pre- 
dominates. The same generalization applies to more complex cases; 
sulfonation of 1,3-dimethy]-5-chlorobenzene and 1,3-dimethy]-4,6-di- 
chlorobenzene gives only the 2-isomer (see Table III). Another inter- 
esting point is that the combined directing influence of an ortho and 
a para halogen is apparently less than for two methyl groups similarly 
placed. Thus 2,6-dichloro-1,3-dimethylbenzene sulfonates only in the 
4-position. This generalization, however, rests upon less data than the 
preceding one. 

There is no evidence regarding the directive influence of fluorine as 
compared with alkyl groups so far as sulfonation reactions are con- 
cerned, and only a little in the case of iodine. Likewise the relative 
influence of different alkyl groups in contrast with halogens is prac- 
tically unknown. 

Many of the sulfonic acids derived from the alkylhalobenzenes are 
unfortunately of unknown structure; such, for example, are the com- 
pounds derived from the fifteen dihalotoluenes.1%1°* In Table III 
which summarizes the results obtained in many sulfonation reactions 
of alkylhalobenzenes the sulfonic acids of undetermined structure have 
been assigned the most probable formulas, the positions thus assigned 
being followed by a question mark. 

In a number of reactions sulfuric acid brings about a shift or elim- 
ination of halogen. Thus 4,6-diiodo-1-3-dimethylbenzene is sulfonated 
to the 2,4-diiodo-6-sulfonic acid, and 4-iodo-1,3-dimethylbenzene gives, 
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Compound Sulfonated 


Toluene derivatives 


2-Chloro- 


3-Chloro- 


4-Chloro- 


2-Bromo- 


3-Bromo- 
4-Bromo- 
2-Iodo- 


4-Iodo- 

2,4-Dichloro- 
2,3-Dichloro- 
2,5-Dichloro- 
2,6-Dichloro- 
3,4-Dichloro- 


3,5-Dichloro- 
2,3-Dibromo- 
2,4-Dibromo- 
2,5-Dibromo- 
2,6-Dibromo- 
3,4-Dibromo- 
3,5-Dibromo- 
2-Bromo-3-chloro- 
2-Bromo-4-chloro- 
2-Bromo-5-chloro- 
2-Bromo-6-chloro- 


3-Bromo-2-chloro- 
3-Bromo-4-chloro- 
3-Bromo-5-chloro- 
3-Bromo-6-chloro- 


TABLE 


saai 


A. MonosutFronic Acipa 


Reagent * 
and 
Reference 


B 
A,? 100%, 
3 parts 
A,? 100%, 
3 parts 
Bi 
Ais 
100%, 

3 parts 
Bs 


BS 
803” 


A, 1 part 
S037 
Be 

B,° 3 parts 


™ See p. 222 for meaning of A, B, and C. 


Reaction Data 


70° 


Bs Dissolves easily 


Warm 
Cold, then hot 


4 brs., 100° 
CHCl; sol. 


Dissolves easily 


Heat 


re ee are? 


Position 
Sulfo 
Group 
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Remarks 


6- in small 
amount 
2- mostly 
Also diiodo- 
compounds 


react 
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TABLE III (Continued) 


Compound Sulfonated 


4-Bromo-2-chloro- 
4-Bromo-3-chloro- 
2,3,4-Trichloro- 


3,4,5-Trichloro- 


Benzene derivatives 
2-Bromo-1-ethyl- 
4-Bromo-1-ethyl- 
3-Chloro-1,2-dimethy]- 
4-Chloro-1,2-dimethy]- 
3-Bromo-1,2-dimethyl- 


4-Bromo-1,2-dimethyl- 
4,5-Dibromo-1,2-dimethyl- 
4-Chloro-1,3-dimethyl- 
5-Chloro-1,3-dimethyl- 
4-Bromo-1,3-dimethyl- 
4-Iodo-1,3-dimethyl- 


4,6-Dichloro-1,3-dimethyl- 
4,6-Dibromo-1 ,3-dimethyl- 
2,4-Dichloro-] ,3-dimethyl- 
2,4-Dibromo-1,3-dimethy]- 
4,6-Diiodo-1,3-dimethyl- 
2-Chloro-1,4-dimethy]- 
2,3-Dichloro-1,4-dimethy]- 
2,6-Dichloro-1 ,4-dimethyl- 
2,5-Dichloro-1,4-dimethyl- 
2,5-Dibromo-1 ,4-dimethyl- 
2(?)-Chloro-1-methyl-4-ethyl- 
2-Bromo-1-methy]-4-ethyl- 
5-Fluoro-1,2,4-trimethyl- 
6-Bromo-1,2,4-trimethyl- 
3-Bromo-1,2,4-trimethyl- 


5-Bromo-l,2,4-trimethyl- 


5-Iodo-1,2,4-trimethyl- 


Reagent 
and 
Reference 


B 
Bu 
Bu 


B,* 6% 
Bs 
Au 


c™ 
Bs 
Cs 
on 
Bs 
BY 
A” 
Atl 
BY 

B,® 20% 
Au 
A™ 

A or B® 
B™ 

A or C™ 


Bes, 4b 


A or B¥ 
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Position 
Reaction Data} Sulfo Remarks 
Group 
Ieee awe &(?) mite eta 
80° BO) gael mdaes 
80° 5 and 6 | Structures 
undetermined 
70-80° Dr. Whats tetas 
Reflux Oo Sion Sena or 
Reflux De Wecainactycsieises 
say acl ehas 6and4; Mostly 6 
Saco ueihvares we. ae 5 rr Te 
apelin Re anelani's 6 and Mostly 6 
4(?) 
Biionsineaadonen 5 eo tencuentcathys 
75° De bl len aettes 
Maxkiaditeentd 6 uit Aste 
Le elie aas 2 Shige daseanase 
Cold Ge. Neieeeeeds 
4-6 weeks 6 Diiodo-m- 
xylene also 
d Siree ha ea tiene 2 Jari tanas 
70-80° » nn ree ae ee 
wb aia Saat curs 6 a Rika’, casdu 
a utaley diets Ls 6 Side etn ae 
25°, 6 days 4 Todines to 2,4- 
ade Rena aa 5 Bena 5 wlniteaihe 
Reacts readily| 5 | .......... 
Reacts readily| 3 | .......... 
100° SO ( hoselaw betas 
80-85° So Wakes eploes 
130° BOQ) fuseresesads 
130° 1 6 ne eee ere 
SRE ey 6(?) Piet acne 
nee ars stats 3  Msracdaselaaecs 
100° 5 Anomalous 
result 
ae rather Seas aes 6 Rearranges 
upon standing 
Long standing |} 6(?) Also 


rearranges 
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TABLE III (Continued) 
Reagent Position 
Compound Sulfonated and Reaction Data | Sulfo Remarks 
Reference Group 
5,6-Dibromo-1,2,4-trimethyl- CM rs wks ett 4 3 Also 
rearranges 
6(?)-Chloro-5-fluoro-1,2,4- C8”. A inthe piattn 3 or 6(?) Cl lost 
trimethyl- 
6(?)-Bromo-5-fluoro-1,2,4- C8 nike Bava 3 or 6(?) Br lost 
trimethyl- 
2-Bromo-1,3,5-trimethy]- Be) cave vowed 4 Also dibromo- 
mesitylene 
2-Iodo-1,3,5-trimethyl- SOs | oo... wee 5 Also other 
products 
2-Chloro-1-methy]l-4-isopropyl | B,* 20% | ............ S(2)* Al eae eas 
3-Chloro-1-methy!-4-isopropyl- CUP Ol diag ee Sal 6. the b8 fae tog 
2-Bromo-1-methyl-4-isopropyl-| C% Equal weights | 5 Also SO2C] 
comp. 
BR ee dbase 5 Second isomer 
in traces 
2-Bromo-1,3-dimethyl-5-ethyl- Ge Wsteiatade QW eewdraateeels 
3-Chloro-1,2,4,5-tetramethyl- Af 60° {aaa e. See text, 
p. 222 
B. Disunronic Acips 
2-Chlorotoluene-4-sulfonic acid! B,“* 35% 150° 6 and 5} Mostly 6 
2-Chlorotoluene-5-sulfonic acid} B,“* 20% 150° Bi elas 6 
4-Chlorotoluene-2-sulfonic acid) B,@ 20% 150° Gand 5] .......... 
4-Chlorotoluene-3-sulfonic acid Be 150° Sand6| .......... 
4-Bromotoluene Bee coon cheats 2,6-(?) |Only one acid 
reported 
4-Chloro-1,3-dimethylbenzene | H2S,07* Heat 7; a ree ee 
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besides the 6-sulfonie acid, some 4,6-diiodo-1,3-dimcthylbenzene. 
5-Bromo-1,2,4-trimethylbenzene upon standing for four weeks with cold 
oleum '*? gives the several products indicated. 


CH3 CH3 CH3 CH3 
CHs u,s0, CH; HOs3 CH3; 8B CH3 
— + + 
B HO3S Br Br B Br 
CH3 CH3 CH3 CH; 


In addition there also is undoubtedly formed some of the unbrominated 
sulfonic acid. Sulfonation of iodo- and bromomesitylenc gives simi- 
larly the dihalomesitylenes as by-products. Sulfonation of diiodo- 
mesitylene *°* produces some iodomesitylenesulfonie acid. The chlo- 
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rine and bromine removed in the sulfonation of the x-halo-5-fluoro- 
1,2,4-trimethylbenzenes *°° were apparently not accounted for in the 
reaction products. 3-Chloro-1,2,4,5-tetramethylbenzene undergoes a 
typical Jacobsen rearrangement with sulfuric acid °° at 60° while with 
the corresponding bromine compound it is the bromine that migrates 
giving dibromodurene 1*7:2°4,¢ and the rearrangement products of du- 
renesulfonic acid. 

There should also be mentioned an investigation of the sulfonation 
of benzal chloride and benzotrichloride. With sulfur trioxide 7°? the 
former yields 10% ortho, 60% para and 30% meta sulfonic acids while 
the latter gives only the meta compound. Benzotrifluoride also prob- 
ably gives the meta sulfonic acid.?°'¢ 

In Table ITI, A is concentrated sulfuric acid. Where the percentage 
of acid differs from this or is accurately known it is given as A, 100%, 
etc.; B refers to oleum, the percentage indicating the sulfur trioxide 
content; C refers to chlorosulfonic acid. The reference numbers cor- 
respond to those in the list at the end of the table (see pp. 220-221). 

The sulfonation of the 1- and 2-chlorotetralins 2° is logically de- 
scribed here. The 1-chloro compound is converted into the 4-sulfonic 
acid whereas the 2-isomer sulfonates in the 3- position. The chlorides 
and amides of the acids were prepared. 


SULFONATION oF NiTRo CoMPOUNDS 


Sulfonation of the nitro derivatives of benzene and its homologs is 
a relatively unimportant method for the preparation of nitrosulfonic 
acids, because the nitration of a sulfonic acid occurs more easily than 
the sulfonation of a nitro compound. Where nitration gives a mixture 
of isomers while sulfonation yields chiefly one compound the latter 
method of preparation is, however, of some value. 

Sulfonation of nitrobenzene with oleum #°? has been performed at 
various temperatures up to 150-160°. At a temperature of 60-90° not 
more than 2-3% of the reaction product is p-nitrobenzenesulfonic 
acid,** 293 the remainder being the meta isomer. No trace of the ortho 
compound could be found although some of the earlier ? investigators 
had believed it to be present. These results are in contrast with those 
obtained in the nitration of benzenesulfonic acid ?°%?°5 in which all 
three isomers result, the relative amounts varying with the reaction 
conditions. By the addition of 5% of mercury as a catalyst in the 
sulfonation of nitrobenzene at 90° there are formed 75% of the meta 
and 25% of the para sulfonic acids.** If o-nitrophenylmercuric chlor- 
ide is used instead of nitrobenzene the products depend upon the type 
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of sulfonating agent. With 92% sulfuric acid 95% of the meta and 
5% of the para isomers result while with 20% oleum 94% of the ortho 
and 6% of the meta compounds are formed. These results may be ex- 
plained by two reactions undergone by aromatic mercury compounds. 


ArHgCl + H2SO4 — ArH + CIHgHSO. 
ArHgCl + SO3 — ArSOsH¢gCl 


In the first equation the mercury salt obtained by the action of the 
sulfuric acid exerts little catalytic action, the meta and para sulfonic 
acids resulting in normal amounts. For a mercury catalyst to change 
the course of a reaction markedly it must be capable of mercurating 
the compound and there must be sulfur trioxide present in the reaction 
mixture. 

Heating nitrobenzene with two molecular equivalents of chlorosul- 
fonic acid has been given 7°* as a method for preparing m-nitroben- 
zenesulfonyl chloride, but in more recent #7 work chloranil was reported 
as the only product. Possibly a difference in the temperatures em- 
ployed accounted for the different results. This reaction ?°’ and also 
the one with oleum 7° lead to violent decomposition with evolution of 
sulfur dioxide and formation of carbonaceous matter if the reaction 
mixtures are heated to a high temperature. With chlorosulfoniec acid 
this may begin after heating at 150° for several hours. 

Sulfonation of m-dinitrobenzene with oleum occurs only in the pres- 
ence of a mercury catalyst.2 At 150-160° a 27% yield of the sym- 
dinitrobenzenesulfonic acid is obtained. 

Sulfonation of o-nitrotoluene with oleum has been reported 2% to 
give two sulfonic acids, but other investigators 71! were able to isolate 
only the para isomer. The sulfonation of m-nitrotoluene 2” yields 
only the 3-nitro-5-sulfonic acid. One or more isomers of this com- 
pound would be expected in this reaction. The behavior of p-nitro- 
toluene toward sulfonating agents has been studied in more detail. 
Oleum under various conditions #41” #18 gives the o-sulfonic acid. The 
reaction occurs at a somewhat lower temperature (120°) than for 
nitrobenzene. A study of the kinetics ?'* of the reaction with various 
reagents emphasized the necessity for the presence of sulfur trioxide 
in the sulfonating mixture. The constants for an apparently mono- 
molecular reaction (large excess of sulfuric acid) were 0.003, 0.0004, 
and 0.000005 for 24% oleum, 100% sulfuric, and 99.40% sulfuric acid 
respegtively. By heating p-nitrotoluene with an excess of chlorosul- 
fonie acid 2°% 215 first at 70-80° then at 120° the o-sulfonyl chloride is 
obtained. 
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Ortho and para nitroethylbenzenes each give a single sulfonic acid 
when treated with oleum.7* The structures of these compounds are 
undoubtedly analogous to those of the toluene derivatives. 4-Nitro- 
1,3-dimethylbenzene with oleum **? gives the 6-sulfonic acid. Heating 
with two molecular equivalents of chlorosulfonic acid *°*?!7> produces 
the corresponding sulfonyl chloride. 5-Nitro-1, 4-dimethylbenzene 
with the same reagent °4 is converted into a mixture of the 2- and 
3-sulfonyl chlorides. The sulfonic acids derived from the nitrotetralins 
may be noted here. 1-Nitrotetralin with sulfuric acid °° yields the 
3-sulfonie acid, and the 2-nitro compound gives the 4-sulfonic acid. 

Only a few halogen derivatives of nitrobenzene have been sulfonated 
and apparently no nitro compounds containing both halogen and alkyl 
groups have bcen investigated. o-Chloro-?!* and o-bromonitroben- 
zene *?® sulfonate only in the positions para to the halogens. p-Chloro- 
nitrobenzene with oleum ?!*7*° gives 2-chloro-5-nitrobenzenesulfonic 
acid and with chlorosulfonie acid ®” at 160-170° yields the correspond- 
ing acid chloride. »-Bromonitrobenzene has also been sulfonated with 
oleum.?!* 222 »»-Chloronitrobenzene 2?* behaves unusually since in one 
of the sulfonic acids the sulfo group is ortho to both chloro and nitro 


groups. 
Cl Cl 


H804+803 OsH 
SoenainlinanntiK + 
INO2 HO38 INO2 INO» 


2,3-Dichloro-5-nitrobenzenesulfonic acid has been mentioned as an 
intermediate in the preparation of the corresponding amine. It was 
obtained by the action of oleum 2** upon 3,4-dichloronitrobenzene. 


SULFONATION oF ALDEHYDES AND KETONES 


Here only the aldehydes and ketones containing one benzene ring 
will be considered. Benzophenone and other polynuclear compounds 
are discussed later. 

Despite the ease with which aromatic aldehydes are oxidized no 
oxidation products have been reported from the action of sulfonating 
agents. Benzaldehyde is sulfonated by the action of two parts of 
oleum at 50° or below 2% or by sulfur trioxide,?** substitution occurring 
in the meta position. 2-Chlorobenzaldehyde reacts with oleum at room 
temperature 2”° while the 4-chloro compound is unaffected 277 at 85°. 
This difference is of value in separating the two isomers. Sulfonation 
occurs para to the chlorine. 2,6-Dichlorobenzaldehyde ??* sulfonates 
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in the 3-position. Introduction of a sulfo group into 4-bromobenzalde- 
hyde requires the heating of 7 g. with 50 g. of 18% oleum 2” at 150°; 
sulfonation occurs in the 3-position. It is claimed that 3-methyl- 
benzaldehyde with 60% oleum 7° at 0° sulfonates in one of the posi- 
tions ortho to the aldehyde group. 

Apparently 3-hydroxybenzaldehyde has not been sulfonated but the 
anil has been converted into the 6-sulfonic acid by the action of 
oleum.”*! 4-Hydroxybenzaldehyde gives the 3-sulfonic acid by warm- 
ing to 65° with the same reagent.”*? At 50° 2-hydroxy-5-methylbenz- 
aldehyde also gives the 3-sulfonic acid. 

Of the ketones only acetophenone has received any appreciable 
study. With four parts of pyrosulfuric acid 24°* at 100° for 30 min. 
it is monosulfonated, mostly in the meta position; ?** if the tempera- 
ture is not kept low while the acetophenone is dissolved in the acid, 
benzoic acid and benzenesulfonic acid are formed. This also occurs 
with sulfuric acid. Heating acetophenone with ten parts of chloro- 
sulfonic acid *** at 110° for an hour gives the 2,w-disulfonyl chlo- 
ride.?38 Acetophenone-4-sulfonic acid with the same treatment gives 
an isomeric disulfonyl chloride, probably the 4,0- compound. 

Methyl benzyl ketone with pyrosulfuric acid #** yields a sulfonic 
acid of unknown structure, while with sulfuric acid phenylmethanesul- 
fonic acid and acetic acid are the products. 


CeHsCH2COCH3 + H2SO, — CeHsCH2803H + CH3;COOH 


An unstable disulfonic acid is formed by the action of sulfuric acid 
upon dichloromethy] 2,3,4-trihydroxypheny] ketone 7° at room temper- 
ature. It has been found that oleum **° sulfonates hexachlorocyclo- 
hexyl phenyl ketone to a monosulfonic acid. 


SULFONATION OF CarBoxYLic ACIDS 


A carboxyl group attached to a benzene ring influences sulfonation 
reactions in at least three ways: (1) As with other meta orienting 
groups the reactivity of the compound is somewhat reduced. (2) Sul- 
fonation is facilitated by the solubility 2°? of the carboxylic acid in 
the sulfonating agent. (3) The formation of a mixed anhydride or an 
addition compound may occur as a first step in the reaction. For 
acids in which the carboxyl group is separated from the benzene ring 
by a saturated side chain the meta directive influence and the effect on 
the reactivity 28? are lost. However, for cinnamic acid the meta isomer 
is still formed in appreciable amount. The side chain is not affected 
in this reaction. 
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A considerable number of carboxylic acids have been sulfonated but 
only for benzoic acid has the reaction been investigated quantitatively. 

Sulfonation of Benzoic Acid. Although the methods and results of 
various investigators differ as to details, monosulfonation of benzoic 
acid has been found to give a product containing at least 80% of the 
m-sulfobenzoic acid, the remainder being chiefly the para isomer. In 
a series of sulfonations 788 in which 93% and 100% sulfuric acid and 
19% oleum 8° were employed at various temperatures ranging from 
140° to 209°, and for reaction times varying from 2 to 48 hours the 
reaction products contained from 80.7 to 96.4% of the meta isomer. 
Only for the longer periods at a high temperature did this fall below 
90%. The decrcase was because of the slow conversion of the meta 
into the para isomer which amounted to as much as 15% of the meta 
compound. It was found that neither silver nor potassium sulfate had 
any influence upon the composition of the reaction product. 

The catalytic influence of mercuric sulfate upon the reaction has 
been studied by several investigators with conflicting results. It was 
first 24° reported that the rate of sulfonation was increased appreciably 
and that the ortho isomcr was produced in 5-7.5% yields when mer- 
curic sulfate was present while in its absence only the meta and para 
compounds were formed. Maarse 7** came to a similar conclusion ex- 
cept that the amount of ortho isomer was reported as 0.7%. More 
recently Reese 744 has shown that with sulfuric acid the amount of 
ortho isomer is decreased rather than increased by adding mercuric 
sulfate because it catalyzes the conversion of the ortho into the meta 
isomer. However, when 10% oleum * is used as the sulfonating agent, 
the presence of 5% mercury results in a reaction product containing 
59% ortho, 69% meta, and 26% para isomers. By starting with o-car- 
boxyphenylmercuric chloride a 97% yield of the o-sulfonic acid is 
realized. These varying conclusions are at least partly due to the diffi- 
cultics encountered in analyzing the reaction products. Maarse 7*8 
made a careful investigation of the system formed by the chlorides 
obtained in treating the sulfobenzoic acids with phosphorus pentachlo- 
ride and used the results in analyzing the mixtures he obtained. The 
interpretation of the analyses was somewhat difficult due to the exist- 
ence of the o-dichloride in two forms and the possible presence of 
compounds containing two sulfo groups. Also under some conditions 
a small percentage of the benzoic acid is converted into benzenesulfonic 
acid. Reese fused the reaction mixtures with alkali and determined 
the amount of salicyclic acid present by chloroform extraction of the 
phenolic compounds. This method, however, does not distinguish be- 
tween the meta and para isomers. 
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It was at one time *4? reported that iodine exerts a catalytic influence 
in the sulfonation of benzoic acid but other 2** investigators found this 
conclusion to be erroneous, the product obtained with sulfuric acid or 
oleum being the same whether iodine was present or not. In these re- 
actions the ortho isomer was shown to be present in small amounts by 
conversion into phenolsulfonphthalein. 

The mechanism of the sulfonation reaction of carboxylic acids is 
complex. A study *4 of the rate of disappearance for benzoic acid 
compared with the rate of formation of the sulfo acids indicated that 
some intermediate product, possibly benzoyl hydrogen sulfate, is the 
first step in the reaction. The comparatively large percentages of 
o-sulfobenzoic acid present in the reaction product obtained for short 
reaction times indicated that this also might be an intermediate. Sep- 
arate experiments showed that o-sulfobenzoic acid did rearrange under 
the conditions prevailing in the reaction mixture. The table of results 
is reproduced below. 


TABLE IV 

SuLFonaTion oF Benzorc Acip at. 200° 
Time, Acid Reacted, Sulfonic Acids orthe Substitution 
Hours % Recovered, % Without Hg With Hg 
3 99.1 98.3 6.3 2.3 
1 95.5 93.3 5.8 3.8 
0.33 81.0 75.0 14.3 7.3 
0.08 35.9 11.6 ee 


It should be pointed out, however, that the evidence does not prove 
that all the m-sulfobenzoic acid results from rearrangement of the 
ortho isomer. 

In addition to the procedures already given m-sulfobenzoic acid has 
been obtained by the action of sulfur trioxide 7** upon benzoic acid 
and from benzoy! chloride and sulfuric acid *** or silver sulfate.2*° Di- 
oxane sulfotrioxide 2° at room temperature gives benzoyl hydrogen 
sulfate. Chlorosulfonic acid yields the 3-sulfonyl chloride.?*® 


CeHsCOOH + O(CH2CH2)20803 — CeHsCOOSO3H + O(CH2CHe2)20 


The hydrogen chloride evolved in the reaction of 95% sulfuric acid 
with benzoyl chloride is not produced by formation of benzoyl] sulfate 
as 100% acid gives an addition product without further reaction.” 
Heating benzoic acid to 250° with a mixture of oleum and phosphorus 
pentoxide *4** or with 70% oleum *** in a closed tube gives 3,5-disulfo- 
benzoic acid. The action of 30% oleum gives good results at atmos- 
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pheric pressure.*#® m-Sulfobenzamide has been obtained by the action 
of sulfur trioxide #*° upon benzonitrile. Hippuric acid with the same 
reagent yields the m-sulfonic acid.?51 

Sulfonation of Halobenzoic Acids. Several halobenzoic acids have 
been sulfonated. p-Chlorobenzoic acid with pyrosulfuric acid 2°? at 
120-130° gives 3-sulfo-4-chlorobenzoic acid. The structure of the acid 
obtained by the action of sulfur trioxide upon 3-chlorobenzoic acid was 
not determined,?°* but it probably has the symmetrical configuration 
since this is true for the compound formed from 3-bromobenzoic 
acid.?*+255 Sulfonation of 2-bromobenzoic acid 2°* with oleum pro- 
duces the 5-sulfonic acid as might be expected from the strong para- 
directing influence of the bromine. Quite unexpectedly, p-bromoben- 
zoic acid has becn reported *°5 47 to give a mixture of both possible 
sulfonic acids. The 3-sulfo-4-bromobenzoic acid gives an insoluble 
barium salt which made the separation of the two isomers easy of ac- 
complishment. The 2-sulfonic acid was not found by Van Dorssen,?°* 
however. 

Sulfonation of Alkylbenzoic Acids. Ortho 7#%-248,250 and para 26° 
toluic acids each yield only one sulfonation product, substitution oc- 
curring para to the methy] in the first acid and ortho in the other. 
m-Toluic acid,?* however, when heated with sulfuric acid at 180° gives 
three isomeric sulfo compounds; 3-sulfo-5-methylbenzoic acid is the 
principal product but the 2- and 4-compounds are also formed. 
o-Toluic acid may be converted into 3,5-disulfo-2-methylbenzoic acid 
by heating with pyrosulfuric acid.?°* 

3,5-Dimethylbenzoic acid when kept in contact with sulfur tri- 
oxide 762 for 48 hours is converted into a mixture of the two possible 
monosulfonic acids. The one having adjacent acid groups forms a 
calcium salt that is only slightly soluble in water. 

p-n-Propyl and p-isopropylbenzoic acids have been converted into 
the m-sulfonic acids by the action of sulfur trioxide.?* 

By treating phenylacetic acid with chlorosulfonic acid *** it is pos- 
sible to obtain a 35% yield of the p(?)-sulfonyl chloride. When heated 
with sulfuric acid 2*8? at 80-95° a mixture of the 2- and 4-sulfonic 
acids results. The sodium salts of the 4-sulfo compound are less solu- 
ble than those of its isomer. 

Hydrocinnamic acid with 20% oleum *°° yields a sulfonic acid, prob- 
ably the para compound. Oleum acts upon p-bromohydrocinnamic 
acid 2 in two ways, the products being 6-bromo-i-indanone and 
3-sulfo-4-bromohydrocinnamic acid. The carboxyl group thus appar- 
ently reduces the ortho directive influence of the side chain consider- 
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ably since with p-haloalkylbenzenes the o-sulfonic acid is the major 
product. 

Sulfonation of Cinnamic Acid. The sulfonation of cinnamic acid 
with oleum has occasioned considerable interest 2*° because of the 
somewhat unusual directive influence shown by the unsaturated side 
chain. It has been only comparatively recently ** that the secondary 
product of the reaction has been conclusively demonstrated to be the 
m-sulfonic acid. From 50 g. of cinnamic acid and 150 g. of 18% 
oleum, 43-45 g. of barium p-sulfocinnamate and 17 g. of barium hydro- 
gen m-sulfocinnamate are obtained. If any ortho compound is formed 
it amounts to considerably less than 1% of the total product. The 
structures of the two isomers are evident from their conversion to the 
corresponding hydroxybenzoic acids by fusion with alkali. The non- 
identity of the m-sulfonic acid with the o-isomer which were confused 
at first was shown by the synthesis of the former from m-sulfobenz- 
aldehyde **7 by the Perkin reaction and the latter from o-bromo~ 
cinnamic acid and sodium sulfite.2** It has also been observed that 
oxidation of the sulfonamide obtained from the sulfonic acid formed 
in smaller amount does not give saccharin,” a product to be expected 
from the ortho sulfonamide. With chlorosulfonic acid +* cinnamic 
acid apparently yields only the p-sulfony! chloride. 

Sulfonation of the Phthalic Acids. The sulfonation of a benzene 
nucleus to which are attached two meta-directing groups is extremely 
difficult. Heating phthalic acid with sulfur trioxide at 100-105° in a 
closed tube gives a small yield 7%?" of the 4-sulfonic acid. Better 
results are obtained by the use of an autoclave and higher tempera- 
tures *! or by passing sulfur trioxide into phthalic anhydride kept at 
190-210° in an all-glass apparatus.?** The reaction product obtained 
by heating a mixture of phthalic anhydride and 20-25% oleum ?” at 
190-210° and passing in sulfur trioxide contains a small amount of 
the 3-sulfonic acid in addition to the 4-isomer.?*** Various salts 273 of 
the two compounds have been studied in detail. In the presence of 
mercury salts °** the sulfonation proceeds more readily and the 3-sul- 
fonic acid becomes the chief product. At 200° with sulfur trioxide and 
mercuric sulfate?” the 3,5-disulfonic acid is the reaction product. 
The structure was ascertained by conversion into 3,5-dichlorophthalic 
anhydride through heating with thionyl chloride to 180°. 

Isophthalic acid has been changed into the symmetrical sulfo com- 
pound by treatment with sulfur trioxide ?”5 and by heating with oleum 
at 200° for 6 hours.?7° Satisfactory results are obtained in the case 
of terephthalic acid by heating the reaction mixture to 250-260° under 
pressure.?77 
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SULFONATION OF PHENOLS AND THEIR DERIVATIVES 


The ease with which phenols undergo sulfonation reactions may be 
caused not only by the directive influence of the hydroxyl group but 
also by the possibility of the formation of intermediate compounds 
which rapidly undergo rearrangement. Thus phenol at a low tempera- 
ture with either sulfuric or chlorosulfonic acid gives a considerable 
amount of phenyl hydrogen sulfate, a compound that readily re- 
arranges (see p. 47) to the para sulfonic acid. 


CeHsOH + H2804 — CeHs0SO3H — HOsSCeH.OH 


This does not demonstrate that the sulfonation of phenols always oc- 
curs through an ester intermediate, but it may play an important role. 
The ready solubility of phenols in sulfonating agents facilitates their 
sulfonation as with other oxygen compounds. 

It has already been mentioned that a number of substituted phenols 
under the influence of oleum or chlorosulfonic acid are converted into 
sulfonylides. These result most frequently when substituents are pres- 
ent in the ortho or para position in the original phenol. 

Sulfonation of Phenol. Heating phenol with slightly more than an 
equal weight of sulfuric acid ?"* at 90-150° or treating it with a larger 
amount of this reagent at a lower temperature produces a mixture of 
the o- and p-sulfonic acids. The ratio in which the isomers are formed 
varies considerably with the temperature. Although some investi- 
gators 278° have reported that at a low temperature the ortho isomer 
predominates, a careful quantitative ?”° separation of the sulfonic acids 
made possible by the difference in solubility of their barium salts 
showed that even under the most favorable conditions (0-5°) not more 
than 40% of the ortho compound is formed, while at 100° this is re- 
duced to about 10%. At 100° an 85% yield of barium p-phenolsul- 
fonate was isolated. At 0° there is produced, in addition to the sul- 
fonic acids, an appreciable amount of phenyl hydrogen sulfate. On 
the other hand, at a temperature of 160° or above some bis- (p-hydrox- 
yphenyl) sulfone 27°28 ig formed unless an excess of sulfonating agent 
is used. The sulfone may be made the main product by heating 100 g. 
of phenol with 50 g. of 20% oleum 7* for 5 hours at 180-190°. It is 
accompanied by 4-5% of an isomer which is probably either the 2,4’- 
or the 2,2’-compound. This isomer with oleum at 90-100° gives 
phenol-2,4-disulfonic acid and at 180-190° a trisulfonic acid while the 
4,4’-sulfone yields a disulfonic acid without undergoing hydrolysis. 
Monosulfonation of phenol has been carried out technically by the 
use of oleum with satisfactory results.?*? 
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Early investigators ?7®* believed that the orthe sulfonic acid readily 
rearranged to the para isomer but since this has been shown to take 
place only under conditions where hydrolysis and resulfonation are 
possible it is likely that no direct rearrangement occurs.?®* 

An investigation of the reagent ?* used in the colorimetric determi- 
nation of nitrates which is prepared from phenol and sulfuric acid 
showed that the abnormal results sometimes obtained are caused by 
variation in the composition of the phenol-sulfuric acid mixture. Un- 
der the conditions of the analysis the monosulfonic acids give a green 
nitro compound whereas the nitro-2,4-disulfonic acid is yellow. After 
heating phenol with an excess of sulfuric acid at 100° for 5 hours 
neither of the monosulfonation products remains in the reaction mix- 
ture. Separation of a mixture containing o- and p-phenolsulfonic acids 
and the disulfonic acid is readily accomplished since barium phenol- 
2,4-disulfonate is only very slightly soluble in a solution of the other 
barium salts and barium phenol-p-sulfonate is so extremely soluble in 
water that the ortho compound can be completely removed before the 
para sulfonate separates from the solution. 

An equivalent amount of chlorosulfonic acid at ordinary tempera- 
ture 28° converts phenol into a mixture of the o- and p-sulfonic acids 
containing mostly the para isomer. At 15° in carbon bisulfide **¢ 
phenyl hydrogen sulfate and the p-sulfonic acid are the only products. 
Slow addition of the chlorosulfonic acid or long standing of the reac- 
tion mixture increases the yield of the sulfonic acid. Under the con- 
ditions most favorable for ester formation the yield of the p-sulfonic 
acid amounted to only one-third of the phenol used. With fluorosul- 
fonic acid in excess at ordinary temperatures 7% a high yield of the 
p-sulfony! fluoride is obtained. 

Heating phenol with sulfamic acid 7°" at 150° rapidly converts it 
into ammonium p-phenolsulfonate; at 100°, on the other hand, am- 
monium pheny! sulfate results. This is further evidence that a sul- 
fonation reaction may occur in two stages. The addition product 
formed by pyridine and sulfur trioxide ?** behaves in an analogous 
manner. 


CeHsO0H +CsH¢NSO3-->CeHs0SO3NC;H5—> Cs Hs NHO3SCsH,OH 


As already mentioned, disulfonation of phenol is readily effected by 
a large excess of sulfuric acid 788299 at 100°. This has also been 
brought about by the use of equal amounts of oleum and sulfuric 
acid.2*! Through the action of one molecular equivalent of chloro- 
sulfonic acid 28 at ordinary temperature upon potassium phenol-p- 
sulfonate the 2,4-disulfonic acid results, while treatment of phenol with 
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an excess 7°? of this reagent produces the 2,4-disulfonyl chloride. 
Heating with excess fluorosulfonic acid 27 gives the disulfony] fluoride. 

Sulfonation of phenol with ten times its weight of 20% oleum at 
120° gives over 80% of the 2,4,6-trisulfonic acid, the other product 
being the disulfo compound. Various other concentrations of oleum 
have been reported ?°* as producing similar results at 100°. Heating 
phenol with excess chlorosulfonie acid ?** at 130-140° yields phenol- 
2,4,6-trisulfonyl chloride. 

Sulfonation of Phenyl Alkyl Ethers. At ordinary temperatures 
treating anisole with sulfuric acid 7°:?*5 gives some of the o-sulfonic 
acid unless the ratio of acid to anisole is greater than four to one; in 
this event only the para compound and the 2,4-disulfonic acid result. 
Apparently the para isomer is the only one formed when the sulfona- 
tion is carried out in the presence of acetic acid and acetic anhy- 
dride.?** By heating anisole with ten parts of sulfuric acid at 90° for 
30 minutes only the 2,4-disulfonic acid results whereas with two parts 
of acid at 150-160° a trace of the 4-sulfonic acid was the only com- 
pound isolated. Possibly the absence of anisole-2,4-disulfonic acid in 
the product is caused by removal of the methyl group since a high yield 
of mixed sulfonic acids of unknown composition was obtained. If 
phenol-2,4-disulfonie acid were the chief product it would hardly have 
been noticed as the method of identifying the reaction products in- 
cluded a treatment with phosphorus pentachloride and conversion of 
the sulfonyl chlorides to the amides. This is of course not feasible for 
a sulfonic acid containing a phenolic group. This explanation is not 
entirely satisfactory, however, as heating bis-(p-methoxyphenyl) sul- 
fone **” with sulfuric acid at 160-180° produces p-methoxybenzene- 
sulfonic acid rather than a demethylated compound. Oleum ?** con- 
verts anisole readily into the disulfonic acid. Fluorosulfonic acid has 
been reported ??* to give a 22% yield of the 4-sulfonyl fluoride. 
Chlorosulfonic acid in chloroform acts in similar fashion.?%* 

The principal compound obtained in sulfonating phenetole is like- 
wise the p-sulfonic acid.8°° This was once claimed to be the only 
product but other investigators have found an isomeric compound to 
be present in small amount. This was first believed to be the ortho 
isomer,®*° the sulfonamide having a melting point of 142°. It was 
shown a little later,2°* however, that the o-sulfonamide melted at 163°. 
An extensive study of this sulfonation under various conditions of 
temperature and reaction time ®°? showed that the secondary reaction 
product usually amounted to 5-10% of the total sulfonic acids. The 
sulfonamide obtained had a melting point corresponding quite closely 
to that of the m-sulfonic acid. Since the formation of a meta com- 
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pound seems unlikely, the supposed m-sulfonamide may have been a 
mixture of the ortho and para isomers, each of which melts consider- 
ably higher than the meta. If this is not the explanation, the ether 
oxygen has become meta directing because of salt formation with the 
sulfuric acid. Further investigation on this point would be welcome. 

When equal quantities of phenetole and sulfuric acid are heated at 
90° the maximum yield of p-sulfonie acid is produced in 30 minutes. 
Longer heating converts an increasing quantity of this into a disul- 
fonic acid. Oleum** also gives the disulfonic acid readily at 85°. 
With fluorosulfonic acid 27 the 4-sulfonyl fluoride is the reaction prod- 
uct. Similar reactions occur with chlorosulfonic acid and phenetole, 
n-propyl phenyl ether, and n-butyl phenyl ether in chloroform solu- 
tion.?#? 

High-molecular-weight esters of phenoxyacetie acid 9°” have been 
sulfonated to give sulfonic acids of foam-producing power. The corre- 
sponding amides, CsH;0CH2CONHR, have also been converted into 
sulfonates.3°3¢ 

Sulfonation of cetyl phenyl ether with concentrated acid at 70° pro- 
duces the p-sulfonie acid. This was isolated from the reaction mixture 
by extraction with carbon tetrachloride. An aqueous solution of the 
sulfonic acid and its alkali salts have a strong emulsifying action.*°*4 

When 3-cyano-1-phenoxypropane is allowed to stand with sulfuric 
acid for 6 hours,?°* both sulfonation and amide formation occur. 


CeHs0CH2CH2CH2CN + H2S0O4 — HO3sSCsHsOCH2CH2CH2CON He 


Sulfonation of Phenyl Esters. The action of sulfur trioxide upon 
phenyl benzoate *** produces a sulfonic acid which is probably the 
para compound, the sulfo group entering the phenol ring. Pheny] sal- 
icylate (salol) with sulfuric acid *** undergoes hydrolysis and gives a 
high yield of phenol-p-sulfonie acid. 

Sulfonation of the Cresols. A careful study of the rates *° at which 
phenol and the cresols undergo sulfonation with 96% sulfuric acid at 
various temperatures revealed that the difference in the rates for 
m- and p-cresol was sufficient to be of practical value in separating 
these two compounds.* In Table V the sulfonation rate for phenol 
is taken as unity for each temperature. 

Investigation of the sulfonic acids obtained from o-cresol has shown 
that at room temperature with sulfuric acid °°? a mixture of the 
o- and p-sulfo compounds results while at 100° the product is prac- 
tically all the para isomer.***:®° The two compounds may be sepa- 
rated by the difference in the solubilities of their barium salts. By 
heating o-cresol ®°* at 100°, or bis-(4-hydroxy-3-methylphenyl) sul- 
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TABLE V 
RewativE SuULFONATION Rates 
Compound 20° 40° 60° go° 
Phenol 1.00 1.00 1.00 1.00 
o-Cresol 0.773 0.859 0.894 0.905 
m-Cresol 1.395 1.362 1.118 0.399 
p-Cresol 0.300 0.474 0.537 0.287 


fone *?° at 160-170° with excess oleum the cresol-4,6-disulfonic acid is 
formed. However, if the o-cresol is treated with only one-half its 
weight of 8% oleum **° at 160-180° for 3 hours under refiux,*"* a high 
yield of the aforementioned sulfone is obtained, a monosulfonic acid 
occurring as a by-product. 

By heating 10 g. of o-cresol with 15 g. of 95% sulfuric acid at 100° 
for a few minutes and then with 135 g. of 25% oleum for several hours, 
the sulfonylide results.*?? 


CH3 CH3 
HO3S O3H H so, HOsS O2—C 
+ — 
OH HOS! SO3H O—SO: SOsH 
CHs 


H3 


This compound and others of a similar type were readily purified by 
crystallization from dilute hydrochloric acid. The same product was 
obtained along with its disulfonyl chloride as an amorphous powder 
by the action of excess chlorosulfonic acid *** at 140° upon o-cresol. 
The sodium salt is somewhat insoluble in water. The corresponding 
disulfony] chloride is also formed by heating o-cresol with chlorosul- 
fonic acid at 110°. At room temperature the cresol-4,6-disulfony] 
chloride is obtained.**4-845 With fluorosulfonic acid o-cresol is con- 
verted into the 4-sulfonyl fluoride ?”* in an 8% yield; with more of 
the reagent at 80-90° a 15% yield of the sulfonylidedisulfony] fluoride 
was isolated.91% 

In the first investigations *** of m-cresol only one sulfonic acid was 
isolated when the sulfonation was performed at 120° with sulfuric acid. 
The structure of this was indicated by its oxidation to p-toluquinone. 
At a higher temperature with excess acid di- and tri-sulfonic acids 
result. More recently **? it has been shown that the 6-sulfonic acid is 
at 30-35° or 100° from 25 to 35% of the reaction product. This is 
present in much smaller amount when the reaction mixture is heated 
at 120°. In addition, at low temperatures an appreciable amount of 
m-tolyl hydrogen sulfate is also formed. m-Cresol gives no sulfonylide 
with oleum *? thereby differing from the ortho and para isomers. 
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In carbon bisulfide at —15° an equivalent amount of chlorosulfonic 
acid gives the two iia shown. None of the isomeric 6-sulfonic 


OSO3H 
On, C180 aes 
Hs 
O3sH 
50% 15% 


acid was detectable. By heating the reaction mixture at 100° the 
m-tolyl hydrogen sulfate was rapidly converted to the 4-sulfonic acid. 
In the absence of a solvent at room temperature a trace of m-toly] 
sulfate *!* is formed along with the 4-sulfonic acid. With two or three 
molecular equivalents of chlorosulfonic acid #7 in carbon disulfide the 
4,6-disulfonic acid was the only product isolated. At room tempera- 
ture with a large excess of this reagent the 4,6-disulfonyl chloride was 
obtained. By heating the reaction mixture at 110° a sulfonylide re- 
sulted. The most probable structure is that of the accompanying for- 
mula. By first heating the mixture to 130-140° and pouring into 


ClO028; O2—O, H3 
H3 O—SOz2 SO2CI 


water the m-cresoltrisulfonic acid is obtained, whereas if the reaction 
mixture is added to hydrochloric acid the trisulfonyl chloride precipi- 
tates. With fluorosulfonic acid at room temperature a sulfonyl fluor- 
ide 274 results; after heating at 80-90° for 2 hours with excess reagent 
a disulfony] fluoride is produced.®?% 

p-Cresol with an equal weight of sulfuric acid 99 or 6% 
oleum #19 at 100° is converted into the 2-sulfonic acid. By the use of 
fifteen times its weight of 20% oleum *? 89,820 g gulfonylide results 
in 87% yield. This crystallizes readily from hydrochloric acid. Its 


SO3;H 
Hy80,+803 O—SO2 CHs 
2 —_—_— 
H3C O2— 
CHs S0O3H 


sodium and potassium salts are only slightly soluble in water. It is 
claimed £7! that high-temperature sulfonation also gives rise to a small 
amount of the 3-sulfonic acid. By the action of sulfuric acid upon a 
sulfone obtained from p-cresol, the cresol-2,6-disulfonic acid is formed. 
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One molecular equivalent of chlorosulfonic acid 78° at 15° in carbon 
disulfide yields a mixture of p-tolyl hydrogen sulfate and the p-cresol- 
o-sulfonic acid. As with other cresols, excess chlorosulfonic acid at 
ordinary temperatures **® gives the disulfonyl chloride. Upon heating, 
the sulfonylidedisulfonyl chloride is produced. The action of fluoro- 
sulfonic acid is analogous **** to this except that it is possible to obtain 


OH OH S02Cl 
CISO;H C1028 O2Cl O—SOz CH3 
—-» — 
H3C Oo— 
CHs CHs §0.Cc! 


the monosulfony] fluoride 2%* by performing the reaction in carbon di- 
sulfide at 20°. 

Sulfonation of Other Alkylphenols. The action of chlorosulfonic 
acid at various temperatures upon five of the xylenols has been inves- 
tigated in detail.*?? Sulfonylides are not formed when the sulfonyl 
chloride group is between the hydroxyl and methyl groups. Thus, 
only 2,3-dimethylphenol and 2,4-dimcthylphenol give appreciable 
yields of sulfonylides. Contrary to what might be expected from the 
directive influences of the methyl and hydroxyl groups, 3,4-dimethyl- 
phenol gives the 2,5-disulfonyl chloride and 2,5-dimethylphenol gives 
the 3,6-disulfonyl chloride. These structures were adopted because the 
sulfonic acids obtained from the hydrolysis of the disulfonyl chlorides 
coupled with diazotized p-nitraniline. It would seem that there must 
be some explanation for dye formation other than the supposed pres- 
ence of an unoccupied position ortho to a hydroxyl, as the entrance of 
a sulfo group meta to both hydroxyl and methyl is very unlikely. 
The monosulfony! chloride obtained from 2,4-dimethylphenol decom- 
posed readily upon standing, and it was therefore suggested that it 
might be a chlorosulfonate, (CHs)2CsH30SO-Cl, instead of the sul- 
fonyl chloride. Either of these compounds could be a precursor of the 
sulfonylide also obtained from this phenol. The sulfonation of a vari- 
ety of higher alkylphenols prepared by condensing phenol with alco- 
hols, chlorides, or olefins has been described in the patent literature.*?* 
The resulting sulfonic acids or their salts are useful as detergents or 
wetting agents. 

The results reported for the sulfonation of other alkylphenols con- 
taining one or more alkyl groups are listed in Table VI. Here as in 
previous tables A represents sulfuric acid, B, oleum, and C, chloro- 
sulfonic acid. The references for the table are given in a list at the 
end of the tabulation of results. 
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TABLE VI 
SuLFONATION OF ALKYLPHENOLS 
Compound Sulfonated ee Reaction Data Site Gk 
Phenol derivatives 

2-Ethy]- Al? 100° 4 
3-Ethyl- A? “Warm” 4- (2) 
4-Ethyl- ARES ie ghee 2- 
4-n-Propyl- At 100°, 1 hr. 2- 
4-n-Butyl- A‘ 100°, 1 hr. 2- 
4-n-Amyl- A‘ 100°, 1 hr. 2- 
4-n-Hexyl- A‘ 100°, 1 hr. 2- 
4-tert-Butyl- BS 70-80° 2- 
4-tert-Amy)- As 70-80° 2- 
3,4-Dimethyl- AS absence eas 6- (?) 
2,4-Dimethyl- AU WT Casehaiee wace > 3- and 6- 
3,5-Dimethyl- AorBe | wo... eee eee 2- 
2,5-Dimethyl- As Warm 4- (?) 
2-Methyl-5-isopropyl- A® Equal weights 4- 
5-Methy]-1-isopropyl- Alm i —65° 4- and 6- 

AM VM, 12 §0-100° 4- 

GI a eS scat atehas 4- 
2,4,5-Trimethyl- AW 9 TP leeanawett. 6- (?) 
2,4,6-Trimethyl- AP ie Beltnce ox 3- 

Tetralin derivatives 

2-Tetralol Ase hl se ate tcp ass 3- 
1-Tetralol Au Cold, 2 days 4- 


1 Suida and Plohn, Monatsh., 1, 179 (1880). 

2 Sempotowski, Ber., 8%, 2673 (1889). 

8 Fittig and Kiesow, Ann., 186, 254 (1870). 

4Suter and Moffett, J. Am. Chem, Soc., 64, 2983 (1932). 

5 Liebmann, Ber., 16, 151 (1882); ANscuUTs, Ann., 415, 83 (1918). 

8 Jacobsen, Ber., 11, 28 (1878). . 

? Junghahn, Ber., 36, 3762 (1902). 

8 Raschig, German pat., 283,306, Chem, Zentr., J, 926 (1915). 

® Jahns, Archiv. Pharm., 216, 6 (1879); Claus and Fahrion, J. prakt. Chem., [2] $9, 356 (1889); 
Paterno, Gazz. chim, ttal., 6, 21 (1875); Carstanjen, J. prakt. Chem., [2] 16, 410 (1877). 

10 Claus and Krause, :bid., [2} 48, 345 (1891). 

1 Engelhardt and Latachinow, Z. Chem., 46 (1869). 

W Lallemand, Ann. chim., [3] 49, 150 (1857); Stebbins, J. Am. Chem. Soc., 8, 103, 110 (1881); 21, 
276 (1899). 

13 Mazurowska, J. prakt. Chem., [2] 18, 172 (1876). 

%4 Reuter, Ber., 11, 30 (1878); Krohn, Ber., 81, 886 (1888). 

15 Jacobeen, Ann., 196, 270 (1879). 

I6 Schroeter and co-workers, Ann., 426, 83 (1922). 

17 Green and Rowe, J. Chem, Soc., 118, 967 (1918). 
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Sulfonation of Alkylphenol Ethers. The sulfonation of the ethers 
of phenol has already been discussed. In Table VII are tabulated the 
results for other aryl alkyl ethers. 


TABLE VII 
SULFONATION OF ALKYLPHENYL ALKYL ETHERS 
Reagent and; Reaction Position of 
Compound Sulfonated Reference Data Sulfo Group 

2-Tolyl methyl A fl sad ciomeraie 4- (?) 

cu CHCl; sol. 4-SO.Cl 
3-Tolyl methyl AorChe | ooo... 4-, then 

4,6-di- 

4-Toly] methyl As 100° 2- 

CE Ne soa Sedat 2-SO2Cl 
2-Tolyl ethyl cu CHC]; sol. 4-SO.Cl 
3-Tolyl ethyl cu CHCl; sol. 4-S0.Cl 
4-Tolyl ethyl As 100° 2- 

cu CHCl, sol. 2-S02Cl 
4-Tolyl n-propyl cu CHCl; sol. 2-S0.Cl 
2-Tolyl] n-butyl cu CHCl; sol. 4-SO.Cl 
2-Tolyl dodecyl Au 70° 4- 
4-Tolyl dodecyl Als 70° 2- 
2-Tolyl cetyl Al 70° 4- 
3-Toly] cetyl Al 70° 4- 
4-Tolyl cetyl Al 70° 2- 
3-n-Propylpheny! ethyl AG Ye deiiraet gtd 4- (?) 
4-n-Propylphenyl methyl y, Cn eee oen ete 2- 
4-n-Propylpheny] ethyl AS li Sivedta bee 2- 
4-Octylphenyl octyl AM leita ad ae oe (?) 
5-Isopropyl-2-methyl-phenyl methyl A’ 25° 4- and 6- 
2-Isopropyl-5-methyl-phenyl methyl 7, CL (eerie err 4- and 6- 
2-Isopropyl-5-methyl-phenyl] ethyl Dae ae een 4- 
2-Isopropyl-5-methyl-pheny] isoamy] Av oh ied atneay be 4- and 6- 
?-tert-Pentylphenyl methyl AM Te Sealudcclats ? 


1 Bromwell, Am. Chem. J., 19, 569 (1897). 
2 Haworth and Lapworth, J. Chem. Soc., 123, 2982 (1923); 125, 1299 (1924). 

3 Alleman, Am. Chem, J., 81, 27 (1904). 

4 Stewart, J, Chem. Soc., 181, 2555 (1922); Gibaon and Smiles, ihid., 123, 2388 (1923). 
& Roberts and Alleman, J. Am. Chem. Soc., 88, 393 (1911). 

6 Klages, Ber., 8%, 3990 (1904). 

7 Klages, Ber., 88, 1438 (1899). 

8 Paterno, Gazz. chim. ital., 8, 20 (1875); Ber., 8, 440 (1875). 

§ Engelhardt and Latachinow, 7. Chem., 47 (1869). 

10 7. G. Farbenind. A.-G., British pat., 495,414, C.A., 88, 3030 (1939). 

11 Huntress and Carten, J. Am. Chem. Soc., 68%, 603 (1940). 

12 Hartley, J. Chem. Soc., 1828 (1939). 

38 Borglin, U. 8. pat., 2,245,643, C,A., 88, 6023 (1941). 
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Sulfonation of Esters of Phenols. The sulfonation of several phenyl 
esters has already been mentioned (see p. 233). An interesting devel- 
opment utilizing this class of compounds concerns the carbethoxy 
esters. Sulfonation of these compounds with chlorosulfonie acid **¢ 
may be controlled so as to produce monosulfony! chlorides, a reaction 
difficult to achieve with other phenol derivatives. Thus, carbethoxy 
m-cresol slowly added to five parts of chlorosulfonic acid and allowed 
to stand for 3 hours gives the 4-sulfonyl chloride. Other aryl carbeth- 
oxy esters behave similarly. Aryl esters of high-molecular-weight 
fatty acids when sulfonated yield washing agents.2?#° 

Sulfonation of Halophenols and Halonitrophenols. The members 
of this group of compounds (together with several ethers derived from 
them) which have been sulfonated are listed in Table VIII in the 
usual manner. One compound in this group deserves special mention. 
Chlorosulfonic acid does not react with 2,4-dibromo-5-methylphenyl 
methyl] ether *?° at room temperature. At 70° oleum reacts to give as 
one product tribromo-m-cresol. This was also obtained when the di- 
bromo-m-cresol was the starting material. With chlorosulfonic acid 
dibromo-m-cresol gives the aryl hydrogen sulfate. 

Sulfonation of Hydroxycarboxylic Acids. Salicylic acid has been 
sulfonated by a number of procedures all of which give the same sul- 
fonic acid or its acid chloride, the position para to the hydroxy] group 
reacting.®?° Of the various methods making use of sulfuric acid *7 the 
most efficient consists in dissolving 100 g. of salicylic acid in 200 ml. 
of sulfuric acid containing 3% sulfur trioxide. Upon standing, 160 g. 
of the sulfosalicylic acid crystallizes from the reaction mixture. This 
acid is also formed through the action of one molecular equivalent of 
sulfur trioxide gas °8 or chlorosulfonic acid,®”* the latter at 160°, upon 
salicylic acid; and from hot sulfuric acid **° and phenyl salicylate 
(salol). With excess chlorosulfonic acid at 180° a disulfonic acid re- 
sults, whereas at 30-40° the monosulfonyl chloride 1%*- #51 is isolated in 
60% yield. In a similar manner, methy! salicylate, and 3-chloro-, 
5-chloro-, 4-carboxy-, 3-methyl-, 4-methyl-, and 5-methylsalicylic 
acids all yield monosulfony! chlorides, substitution occurring para to 
hydroxyl except when this position is already occupied. With fluoro- 
sulfonic acid 27 salicylic acid gives the sulfonyl fluoride. Sulfonation 
of o-methoxybenzoic acid %?%¢ gives the same product as methylation 
of sulfosalicylic acid. 

m-Hydroxybenzoic acid, in contrast to the ortho isomer, sulfonates 
ortho to the hydroxyl group when treated with sulfur trioxide.*®? The 
isomeric compound obtained from the action of sulfuric acid upon 
m-carboxybenzenediazonium sulfate *** must then have the para struc- 
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TABLE VIII 
SULFONATION oF PHENOL DERIVATIVES 
< Oe 
Compound Sulfonated penal Reaction Data Se cine 
4-Fluoro- methyl ether cu CHC]; sol. 2-SO02.C! 
2-Chloro- Be “Warm” 4- (?) 

Bie “Cold” 4- and 2- 
2-Chloro- methyl! ether C7 50° 4- and 4,4’-sulfone 
3-Chloro- A?, 1.66 parts 100°, 8 hrs. 6- 

B?, 27% 100°, 2 hrs. 4,6-di- 
4-Chloro- A’,lmole | .......... 2- 

B 100° 2,6-di- 
4-Chloro- methy] ether (35.17 “Cold” 2-SO,C1 
2,4-Dichloro- C*, 1 mole In CS2 6- 
2-Bromo- methyl ether cH CHCl; sol 4-S0.C} 
4-Bromo- methyl ether cu CHCl; sol. 2-SO.Cl 
2-Chloro- ethyl ether cu CHCl sol. 4-SO.CI 
4-Chloro- ethy! ether cu CHC], sol. 2-SO,CI 
2-Bromo- ethyl ether cu CHCl; sol. 4-S0.Cl 
4-Bromo- ethy] ether cv CHCl, sol. 2-S0.Cl 
3-Methyl-4-chloro- As 70-110° 6- 
3-Methyl-4-bromo- As 70° 6- 
2-Methyl-4-bromo- Bl 100° 6- 
2-Nitro- BS, 3.5 parts 100° 4- and 6- (trace) 

cae. 9 In CS, 4- 

FSOsH"® ss |_ig.. sce 4-SO.F 
2-Nitro- methyl ether CR Oh Palace oad nets 4- 
3-Nitro- Bae 90° 6- (?) 
4-Nitro- B", excess “Cold” 2- 

Ax 5° with dia- 2- 

tomaceous 
earth 

C#, 2 moles 100° 2- (poor yield) 
2-Nitro-3-chloro- B*, 30% 20° 4- 
6-Nitro-3-chloro- BS, 30% 20° 4- 
4-Nitro-3-chloro- Be ls eerie id Decomposition 

only 
2-Methyl-6-nitro- A}, 2 parts “Warm’’ 4- 
3-Methyl]-6-nitro- A¥, 4 parts 70°, 6 hrs. 4- 
4-Methyl-2-nitro- Bu 0° 6- 


* See p. 236 for meaning of A, B, and C. 

1 (a) Kramers, Ann., 178, 331 (1874). (b) Child, J. Chem. Soc., 715 (1932). 

2 Hodgson and Kershaw, ibid., 2023 (1929); 1419 (1930). 

3 (a) Peterson and Baehr-Predari, Ann., 187, 130 (1871). (6) Gauntlett and Smiles, J. Chem. Soc., 
187, 2745 (1925). 

4 Armstrong, ibid., 96, 93 (1872). 

8 y, Walther and Demmelmeyer, J. prakt. Chem., [2] 9%, 108 (1915). 
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&v. Walther and Demmelmeyer, ibid., [2] 98, 125 (1915). 

7 Claus and Jackson, sbid., [2] $8, 325 (1888). 

8 (a) Kekulé, Z. Chem., 641 (1867). (b) Armstrong and Brown, Ber., 7, 924, 1025 (1874). (c) Gnehm 
and Knecht, J. prakt. Chem., {8} 18, 521 (1906). 

9 Masurowska, ibid., [2] 18, 171 (1876); Armstrong, J. Chem. Soc., 24, 175 (1871). 

10 Gnehm and Knecht, J. prakt. Chem., [2] 74, 92 (1906). 

1M Post, Ber., §, 853 (1872); Ann., 208, 38 (1880); Korner, Gazz. chim. ital., 2, 445 (1872). 

12 Gordon, Chem. News, 68, 222 (1891). 

18 Schultz, Ber., 40, 4319 (1907). 

14 Steinkopf and co-workers, J. prakt. Chem., (2] 117, 1 (1927). 

18 Hodgson and Kershaw, J. Chem. Soc., 2169 (1930). 

18 Weiler and Retter, German pat., 557,450, C.A., 87, 735 (1933). 

17 Huntreas and Carten, J. Am. Chem. Soe., 68, 603 (1940). 


ture. With a mixture of 50% oleum and phosphorus pentoxide *** at 
250° for 8 hours m-hydroxybenzoic acid gives the 2,4,6-trisulfonic 
acid. 

p-Hydroxybenzoic acid monosulfonates with five parts of sulfuric 
acid **5 at 100° or with one molecular equivalent of sulfur trioxide.®** 
The methyl ether, anisic acid, is readily sulfonated with oleum **7 at 
100°, giving 3-sulfo-4-methoxybenzoic acid. 

B-(4-Hydroxypheny])-propionie acid has been sulfonated with sul- 
fur trioxide °9** to what is undoubtedly the 3-sulfo compound, although 
its structure was not established. Tyrosine **** reacts in a similar 
manner. . 

Sulfonation of Hydroxydicarboxylic Acids. By the action of chloro- 
sulfonic acid upon 4-hydroxy-1,3-benzenedicarboxylic acid ***° at 90° 
the 5-sulfony] chloride results. An interesting sulfonation is that oc- 
curring through the action of methyl] sulfate ***¢ upon the potassium 
salt of dimethyl 2-hydroxyisophthalate. 


* COOCH3 COOCHs 
OK OK 
+ (CH3)2804 > + CH30H 
'COOCHs H3C038 OOCH3 


Sulfonation of Catechol and Its Derivatives. The action of sulfuric 
acid on catechol, either at room temperature or 100°, gives a sulfonic 
acid which was first ®*° believed to be the 3-isomer. That it was actu- 
ally catechol-4-sulfonic acid followed from its identity with the sul- 
fonic acid obtained by fusion of phenol-2,4-disulfonic acid with al- 
kali,®*° and its conversion on methylation into 3,4-dimethoxybenzene- 
sulfonic acid whose structure has been demonstrated by an independent 
synthesis. Ammonium catechol-4-sulfonate results from heating cate- 
chol with sulfamic acid.*4? It is not possible to introduce two sulfo 
groups with this reagent. 
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By the action of 30% oleum ®** at 100°, or chlorosulfonic acid *? at 
room temperature, the 3,5-disulfonic acid is formed. By heating with 
ten parts of chlorosulfonic acid at 110° for 1.5 hours and pouring the 
reaction mixture into hydrochloric acid the disulfonyl chloride results, 
while at 150° a cyclic sulfate of the disulfonyl chloride is produced in 
good yield. 


OH O-——S02 
OH ClSO,;H O 
paaeeees 
ClO2 O2Cl 


Study of the sulfonic acids of the monomethy] ether of catechol 
(guaiacol) has been intensive because of the supposed therapeutic 
value of one of the compounds (Thioco!) and the peculiarities attend- 
ing the sulfonation reaction. Sulfuric acid up to 100°, or even higher 
if the reaction is not allowed to proceed more than a few minutes, 
gives a mixture containing nearly equal quantities of two sulfonic 
acids *4*-8#* which are convertible by methylation into the same di- 
methoxy compound.**® Synthesis of one of these acids showed that 
their structures must be I and II. 


OH OH OH OH 
OCH, Sia ee HOS” NOCH; 
HO38 OsH 
OsH 
II III Iv 


3 


IT 
Lower-melting Higher-melting 
i acid 


Box ° 


It was claimed by Rising *** that both of these acids undergo re- 
arrangement upon heating into a third acid which would be III or IV. 
This acid is also formed by the sulfonation of guaiacol at 135-140° for 
3 hours with sulfuric acid. Paul *? demonstrated that this acid was 
actually catechol-4-sulfonic acid, demethylation occurring under these 
reaction conditions. The guaiacolsulfonic acid of Barell *4* is also 
catechol-4-sulfonic acid. 

The commercial product Thiocol is a mixture of the mono and di- 
potassium salts of I and II. Methods for the analysis of Thiocol have 
been investigated.** 

Sulfonation of guaiacol carbonate gives a disulfonic acid **° whose 
structure corresponds to the higher-melting guaiacolsulfonic acid, II. 

Catechol dimethyl ether (veratrole) with sulfuric acid or oleum ** 
is converted into the 4-sulfonic acid. This upon heating with aqueous 
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alkali to 180-200° produces guaiacol-4-sulfonic acid.*? The diethyl 
ether behaves similarly. Through the action of chlorosulfonic 
acid 79°53 in chloroform solution veratrole and the diethy! ether are 
converted into the 4-sulfony! chlorides. The di-n-octy] ether ®°8¢ re- 
acts readily with sulfuric acid at 70°. 

Sulfoniec acids have been prepared from 4-methylcatechol #*° and 
2-methoxy-4-methylphenol #5 but their structures were not deter- 
mined. The acid obtained from the reaction of oleum **® upon 4-meth- 
yleatechol dimethyl ether is likewise of unknown structure, but chloro- 
sulfonic acid *°* with this compound gives 3,4-dimethoxytoluene-6-sul- 
fonyl chloride hence the sulfonic acid probably has the same structure. 

Sulfonation of Resorcinol and Its Derivatives. Treatment of re- 
sorcino] with an equimolecular amount of sulfuric acid at room tem- 
perature **5 produces the 4-sulfonic acid. The ammonium salt of this 
acid is formed by heating resorcinol with sulfamic acid.**1 By heating 
with oleum *** at 100° resorcinol is converted into the 4,6-disulfonic 
acid. This has also been obtained by the action of chlorosulfonic 
acid *57 in carbon disulfide at 0° or room temperature using as much as 
five parts of chlorosulfonic acid to one of resorcinol. With ten parts 
of the sulfonating agent at room temperature a 90% yield of the di- 
sulfonyl] chloride resulted when no solvent was used, whereas at 110° 
with a large excess of chlorosulfonic acid the 2,4,6-trisulfony] chloride 
was obtained. 

Ammonium resorcinol-4-sulfonate when heated with sulfamic acid 
produces the 4,6-disulfonate.*4! Heating resorcinol-4,6-disulfonic acid 
with oleum at 200° converts it into the 2,4,6-trisulfonic acid.3** 

Treating 4-nitroresorcinol with sulfuric acid **° at 80-90° gives be- 
sides the 6-sulfonic acid a nitrohydroxypheny! ether. Warming 2,4- 
dihydroxybenzoic acid with five parts of sulfuric acid **° at 100° re- 
sults in sulfonation, probably in the 5-position. 

Sulfonation of the monoalky! ethers of resorcinol has apparently not 
been investigated. The dimethyl! ether is converted practically quan- 
titatively into the 4-sulfonic acid by warming for an hour with two 
molecular equivalents of sulfuric acid.*®¢ Chlorosulfonic acid in 
chloroform gives the 4-sulfony! chloride of both the methy] and ethyl 
ethers.2°° By a more vigorous sulfonation the 4,6-disulfonic acid re- 
sults.2#12 The sulfonation of high-molecular-weight ethers and esters 
of resorcinol produces compounds useful as wetting agents.**? These 
compounds have been studied in some detail by Hartley.**s¢ 

5-Methylresorcinol (orcinol) with sulfuric acid *** yields a mono- 
sulfonic acid. 
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Sulfonation of Hydroquinone and Its Derivatives. Sulfonation of 
hydroquinone with a mixture of sulfuric acid and oleum at a tempera- 
ture of not over 50° yields the monosulfonic acid.*** The kinetics of 
this sulfonation reaction have been studied for various concentrations 
of sulfuric acid *** over the temperature range 50-100°. Sulfuric acid 
monohydrate, H,SO,-H20, is capable of introducing one sulfo group, 
whereas for a second the anhydrous acid and temperatures above 100° 
are necessary. Over the concentration range of 7 to 14 molar sulfuric 
acid the logarithm of the rate of sulfonation is proportional to the 
concentration of the acid. 

A hydroquinonedisulfonie acid is made by the use of oleum ** or 
sulfuric acid *** by heating at 100-110° for an hour. The structure of 
this acid is undetermined and is different from the one obtained by the 
action of oleum #*7 on quinic acid. Hydroquinone is disulfonated by 
heating with sulfamic acid *4* to what is probably a mixture of the 
2,5- and 2,6-isomers.*** Chlorosulfonic acid likewise °° brings about 
disulfonation when used in excess at a temperature of 80°. The 2,5- 
and 2,6-disulfonyl chlorides are formed, the latter in larger amount. 
At room temperature no reaction occurs with this reagent. 

Hydroquinone dimethyl] ether with sulfuric acid 7° at 125° yields 
the monosulfonic acid. The methy] and ethyl] ethers both give sulfonyl 
chlorides with chlorosulfonic acid.?* Higher ethers yield wetting 
agents on sulfonation.%°94 962 

Chlorohydroquinone when treated with 15% oleum ®™ below 50° 
gives a sulfonic acid isomeric with the one obtained from quinone- 
sulfonic acid and hydrochloric acid. Bromohydroquinone behaves 
similarly.87? 2,5-Dihydroxybenzoic acid with five times its weight of 
sulfuric acid and an equal weight of phosphorus pentoxide *7* at 130° 
is monosulfonated to what would be predicted to be the 3-sulfonic acid. 
Its structure was, however, not established. 

Sulfonation of Polyhydroxyphenols. 1,2,3-Trihydroxybenzene (py- 
rogallol) with either pyrosulfuric acid *™* or sulfuric acid 975-378 at 100° 
yields the 4-sulfoniec acid. A disulfonic acid of uncertain structure 
results from more vigorous sulfonation.’*? Since with chlorosulfonic 
acid the product is the 4,6-disulfonyl chloride,’** the disulfonic acid 
probably has this structure also. The 1,3-dimethyl, the trimethyl, and 
the triethyl ethers *”° have been monosulfonated. The trimethy] ether 
yields the 4-sulfonyl chloride with chlorosulfonic acid.2°° Oleum *° 
converts gallic acid into a monosulfonic acid. 

1,3,5-Trihydroxybenzene (phloroglucinol) has been sulfonated by 
treatment with the theoretical amount of pyrosulfuric acid. With 
ten parts of chlorosulfonic acid **** at room temperature the trisulfonic 
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acid is formed, while with fifty parts of the sulfonating agent after 
several days’ standing a disulfonyl chloride is obtained. This same 
chloride resulted whether the starting material was phloroglucinol or 
its trisulfonic acid. 

Hydroxyhydroquinone trimethyl ether sulfonates readily to the 
5-sulfonic acid.**?® The acid chloride, amide, and anilide were pre- 
pared. The 6-sulfonic acid was prepared by an indirect method start- 
ing with the sulfonation of vanillin. 
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Many of the sulfonic acids containing amino groups are of value as 
dye intermediates. Since most of these compounds are prepared by 
the sulfonation of amines, the literature dealing with the reactions of 
this type is extensive. In this section the discussion will be limited to 
amino derivatives of benzene and its substitution products. 

In the “baking process” for the preparation of an aminosulfonic 
acid **8 the acid sulfate of an amine is heated to 180° or higher for 
several hours, preferably under reduced pressure; sulfonation in the 
benzene series, with rare exceptions, occurs para to the amino group 
unless this position is already occupied, whereupon the ortho position 
is sulfonated. The yields obtained by this method are excellent, as is 
shown by the work of Huber *** who obtained from 89 to 98% yields 
of sulfonic acids from a variety of amines, including aniline, the tolu- 
idines, 3,4-dimethylaniline, 2,5-dimethylaniline, the naphthylamines, 
dehydrothiotoluidine, and 1-aminoanthraquinone. 

By the action of an excess of oleum at a low temperature many 
amines may be converted into the m-sulfonic acids. For aniline ** the 
evidence is somewhat conflicting but for compounds in which a methyl 
or halogen is in a position that directs the entering substituent meta 
to the amino group a meta sulfonic acid is always an important com- 
ponent of the reaction product. The sulfonation of N-alkylamines at 
low temperatures gives meta compounds even without the presence of 
another group in the ring. For p-toluidine it has been reported ** that 
the 3-amino-6-methylbenzenesulfonic acid may be obtained even at 
180° although a low temperature is more frequently favorable to meta 
sulfonation. Apparently no systematic investigation of the effect of 
temperature upon directive influence in the sulfonation of amines has 
been undertaken. A quantitative method for distinguishing between 
ortho-para and meta sulfonation is available in that bromine replaces 
the former sulfo groups but not the latter.*** 
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The action of one molecular equivalent of chlorosulfonie acid upon 
an amine dissolved in an inert solvent such as carbon tetrachloride or 
acetylene tetrachloride has been patented as a process for making 
o-aminosulfonic acids. The first use of the method was in the sulfona- 
tion of anthranilic acid,?®’ which, however, gave the p-sulfonic acid. 
A little later it was claimed *** that a group of amines including aniline, 
p-toluidine, a-naphthylamine, p-chloroaniline, dehydrothiotoluidine, 
o-anisidine, 3,4-dimethvlaniline, 2,4-dimethylaniline, p-nitraniline, 3,5- 
dichloroaniline, 2,4-dichloroaniline, 3,4-dichloroaniline, 3-chloro-4- 
methylaniline, and chloro-o-anisidine all gave o-sulfonic acids. More 
recently it has been shown *** that with aniline no more than a trace 
of orthanilic acid results from this method of sulfonation. This finding 
casts doubt upon the structures assigned to the other sulfonic acids 
obtained from amines in which the position para to the amino group 
is unoccupied. This same method has been further **° applied to the 
preparation of o-sulfonic acids from amines substituted in the 3,4,6- 
positions by a variety of substituents including alkyl, alkoxy, arylketo, 
arylsulfonyl, nitro, sulfo, carboxy, and chloro groups. From a consid- 
eration of the compounds given as examples it is probable that here 
all the sulfonic acids are actually of the ortho structure. Later * the 
process was broadened to include amines substituted in the 3,4,5- 
positions and optionally in the 6-position. Amines substituted in the 
3,5,6-positions with position 2- filled or not give p-sulfonic acids. 

By the action of an excess of chlorosulfonic acid upon anilides of 
the general formula shown, sulfonyl chlorides are produced *? in 
which sulfonation occurs meta to the amide group. 


HNCOR HNCOR 


+ 2CISO:H — + H.S8O4 + HCl 
ClOe 


Y > as 


Here Y is methyl, hydrogen, halogen, or an alkoxy group and X is 
methyl, halogen, or alkoxy, except that compounds where X is halogen 
and Y is hydrogen or halogen are excluded. The acyl group may also 
be aromatic. A large number of specific examples is described in the 
patent. 

A sulfonation method analogous to that using chlorosulfonie acid 
and a solvent calls for sulfonation with sulfur trioxide in acetylene 
tetrachloride,*** 2,4-dimethylaniline, for example, yielding the 6-sul- 
fonic acid. 
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Considerable attention has been devoted to a study of the mech- 
anism by which aminosulfonic acids are formed. It has been found °%* 
that phenylaminosulfonic acid rearranges in cold acetic acid solution 
with a trace of sulfuric acid to aniline-o-sulfonic acid, while the free 
acid or its salts °° alone give sulfanilic acid. It was further reported 
that the o-sulfonic acid rearranged *** when heated with sulfuric acid 
into the para isomcr. From this evidence Bamberger suggested that 
the formation of sulfanilic acid proceeded through the following steps. 


NH2H280, NHSO3H IN He NH 
S03H HO38 


Although phenylaminosulfonic acid has apparently not been obtained 
from the action of sulfuric acid with aniline, other sulfonating agents 
do give this as the primary product. Thus, the sulfur trioxide addi- 
tion compound of pyridine **° or dioxane *®’ reacts readily with the 
amino group at ordinary temperature while high-temperature sulfona- 
tion gives sulfanilic acid, undoubtedly by rcarrangement of the phenyl- 
aminosulfonic acid first formed. Bamberger’s postulation that the 
ortho sulfonic acid is an intermediate in the reaction is not in accord 
with the absence of any appreciable amount of this compound from 
the product obtained by the sulfonation of aniline with oleum at 0°. 
It is also not likely that the arylaminosulfonic acid is an intermediate 
in meta sulfonation as no meta rearrangements are known. It was 
remarked by Armstrong and Berry *** that aniline sulfate did not react 
with chlorosulfonic acid at 35~40° and hence that formation of phenyl- 
aminosulfonic acid does not occur at low temperatures when the amine 
is present as a salt. It has also been observed that some amines form 
salts with chlorosulfonic acid,?** hydrogen chloride being evolved only 
when the reaction mixture is heated. It may well be that the sulfona- 
tion mechanism for the baking process of preparing aminosulfonic 
acids is quite different from that for a sulfonation in the presence of 
an excess of sulfonating agent. Bamberger’s theory, with the deletion 
of the o-sulfonic acid as an intermediate, seems more plausible for the 
baking process. Even here, however, formation of the arylaminosul- 
fonic acid is not essential for the reaction to proceed since dimethy]- 
aniline hydrogen sulfate ®°* goes over to the p-sulfonic acid as readily 
as does the aniline salt. 

Sulfonation of Aniline. From the reaction mixture produced by 
heating aniline with three molecular equivalents of sulfuric acid for 
5 hours at 180-190° a 60% yield of pure sulfanilic acid may be ob- 
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tained.*°® The low solubility of the acid in cold water facilitates its 
separation from excess sulfuric acid and any disulfonation products. 
For large-scale preparations undoubtedly the most economical proce- 
dure is the heating of aniline hydrogen sulfate #%-#98.409 at 180° for 8 
hours. Sulfanilic acid is formed by boiling aniline with two parts of 
oleum 3°9.4°1 for a few minutes but considerable decomposition occurs. 
Sulfonation has likewise been effected by heating aniline with sodium 
trihydrogen disulfate *°? at 200° or with potassium bisulfate ** at 240°. 
Sulfanilic acid is one of the products obtained from the action of ethyl 
chlorosulfonate upon aniline.t* It is also formed by heating the 
aniline salt of ethyl hydrogen sulfate. 


NH30S03C2H5 NHe 
— + C2Hs0H 


SO3sH 


Surprisingly enough, heating the aniline salt of any of the three 
phenolsulfonic acids *°* to 180--190° results in a distillate of pure phenol 
and a residue which is chiefly sulfaniliec acid. 

The disulfonation of aniline has usually been performed in two steps. 
Sulfanilic acid when heated with oleum **-#°7 at 160--180° for 5 to 7 
hours is converted to the 2,4-disulfonic acid; its structure is evident 
as it also results from the sulfonation of orthanilic acid. The disul- 
fonation is also readily effected by chlorosulfonic acid.*°* By heating 
aniline to 150° with a large excess of this reagent it has also been pos- 
sible to prepare the trisulfonic acid.*°? If sodium chloride is present 
in the reaction mixture, the trisulfony] chloride is the main product. 

The sulfonation of metanilic acid offers an example of substitution 
occurring ortho to an amino group, the 2,5-disulfonic acid being the 
sole product.*°: 41° 

Sulfonation of Anilides. The sulfonation of an anilide may or may 
not result in the removal of the acid radical, depending upon the re- 
agent and the reaction conditions. Gerhardt + first prepared sulf- 
anilic acid by heating the crude mixture of oxanilide and formanilide, 
formed from aniline and oxalic acid, with sulfuric acid. In later work 
it was found possible *** to sulfonate oxanilide to the 4,4’-disulfonic 
acid without difficulty. Acetanilide is converted into the 4-sulfonic 
acid by the action of oleum *?? or sulfuric acid in acetic anhydride.*%* 
With five molecular equivalents of chlorosulfonic acid at 60° for 2 
hours acylanilides give the corresponding sulfony! chlorides *** in 80% 
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yields while at higher temperatures the products are the same as for 
aniline.*° Acetanilide-p-sulfonyl chloride and similar compounds are 
of importance as intermediates in the synthesis of sulfanilamide and 
many related sulfonamides. 

Anilides of high-molecular-weight fatty acids when sulfonated yield 
surface-active agents of value as detergents or wetting agents.*!® 

Benzanilide with sulfur trioxide +1® gives only a small] yield of the 
p-sulfonic acid, sulfonation occurring in the ring attached to nitrogen. 
Methyl phenylcarbamate is converted by the action of oleum *?® into 
the p-sulfonic acid. Acetylphenylurea (CHsCONHCONHC,gH;) *!° 
with chlorosulfonic acid gives the p-sulfony] chloride. 

Benzenesulfonanilide upon standing with sulfuric acid *!” gives sulf- 
anilie acid, but p-toluenesulfonanilide has been sulfonated with pyri- 
dine-sulfur trioxide *'® by heating at 180-190° for 6 to 8 hours with- 
out affecting the amide linkage, a 100% yield of the p-sulfonic acid 
being recovered. 

Diphenylurea upon standing with sulfuric acid gives sulfanilic 
acid.*1® Thiooxanilide,t?° CsgH;NHCOCSNHCgHs, is transformed into 
a mixture of substances including sulfanilic acid, the sulfonation prod- 
uct, CsHs NHCSCONHC,H,SO3H-4, and the benzothiazole, 


N 
Col SYCCONHCsH.SO3H, 


derived from it by ring closure. By treatment of diethylcyanoacetani- 
lide with sulfuric acid *! the cyano group is hydrolized to the amide 
and the ring is sulfonated. 


HNCOC(CN)(C2Hs)2 HNCOC(CONHa2)(C2Hs)2 


HSC4 
—> 


SO3H 


A phosphorus derivative of aniline, (CgHsNH)4PCl, when treated 
with sulfuric acid ¢?* and poured into water yields a tetrasulfonic acid 
with the formula (HO,;8SCeH.NH),POH. 

Sulfonation of N-Alkylanilines. A few secondary and tertiary 
amines derived from aniline have been sulfonated. Methylaniline with 
oleum *?* above 150° gives the 4-sulfonic acid while at a temperature 
below 50° it is possible to obtain an appreciable yield *8%4 44 of 
the 3-isomer. N-Ethylaniline 47% +5426 behaves similarly. Heating 
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N-methylacetanilide with sulfuric acid *7° at 140-150° unexpectedly pro- 
duces 2-methylaminobenzenesulfonic acid,*** 2? the acetyl group being 
detached to form methanedisulfonic acid. The same amino acid results 
from heating methylanilinium ethyl] sulfate.t?#*.4?* As already noted,®* 
dimethylanilinium hydrogen sulfate is converted into the p-sulfonic 
acid by the baking process while heating with oleum transforms either 
dimethylaniline *?* or diethylaniline ¢?° into a mixture of the meta and 
para sulfonic acids. The sulfonic acid obtained from the high-tem- 
perature sulfonation of methylethylaniline *°*: 49 ig probably the para 
isomer. Long-chain N-alkylanilinesulfonic acids have been pre- 
pared *°° as wetting and cleaning agents. 

Sulfonation of the complex amine, 2-phenyliminomethylene-cyclo- 
hexanone, with sulfuric acid * gives the p-sulfonic acid. 


CH,—CH2 = 
HC. SC=CHNH bao 
: He: ee 
N 
: CH,—CH 
ye 2 
H 
a ney 
\ 


The sulfonic acids derived from diphenylamine are discussed under 
systems containing two benzene rings. 

Sulfonation of the Toluidines. Sulfonation of o- and p-toluidine 
has been investigated by many workers. Heating o-toluidine to 180° 
with two molecular equivalents of 20% oleum ‘*? for 10 hours gives a 
78% yield of the 3-methyl-4-aminobenzenesulfonic acid. The use of 
iodine as a catalyst was found to be undesirable *** as it leads to side 
reactions. The preparation of this acid by the baking process has al- 
ready been described.*** By sulfonating o-toluidine sulfate with 30%, 
or two parts of 50%, oleum ***:** below 0° the 3-amino-4-methylben- 
zenesulfonic acid becomes the main product. With chlorosulfonic acid 
at 160° this is further sulfonated to 4-methyl-5-aminobenzene-1,2- 
disulfonic acid which is of interest in that formation of o-disulfonic 
acids by direct sulfonation is unusual. The 4-amino-3-methylbenzene- 
sulfonic acid is further sulfonated by oleum at 150-170° to 4-amino- 
3-methylbenzene-1,5-disulfonic acid.*** 

m-Toluidine is converted into a mixture of the 6-mono- and a di- 
sulfonic acid by treatment with three parts of oleum 4** at 160-175°. 
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With four parts of 20% oleum ‘*? at 125° for 8 hours a high yield of 
the 6-sulfonic acid results. 


SO.H SO3H 
CH3 CHs3 CH3 
— _— 
HOs 
NHe NHe2 NHe 


p-Toluidine behaves similarly to the o-isomer in that two monosulfonic 
acids are obtainable. The 2-methyl-5-aminobenzenesulfonic acid is 
obtained by sulfonation with 50% oleum *** at 0° or by heating with 
2.5 parts of 14% oleum #28 at 180°. If the heating is continued only 
until the odor of sulfur dioxide becomes evident,*** however, the chief 
product is the isomeric 2-amino-5-methylbenzenesulfonic acid while a 
longer reaction time leads to the conversion of this into the acid first 
mentioned and into 2-amino-5-methylbenzene-1,3-disulfonic acid.*3? 
This disulfonic acid has also been obtained by the action of chloro- 
sulfonic acid **® upon 2-amino-5-methylbenzenesulfonic acid at 140- 
160°. Further sulfonation of the 2-methyl-5-aminobenzenesulfonic 
acid with either oleum or chlorosulfonie acid gives the 1,4-disulfonic 
acid.*®° The action of a large excess of chlorosulfonic acid + gives 
a disulfonyl chloride. Separation of the two monosulfonic acids may 
be effected by the difference in their solubilities in alcohol,*** the solu- 
bilities of their lead salts in water,®*> or their potassium salts in cold 
aqueous potassium hydroxide.*# 

The effect of various sulfonating agents upon a number of deriva- 
tives of the toluidines is given in Table IX. The abbreviations used 
here are the same as for previous tables of this type. In Table X are 
similarly tabulated the results obtained in sulfonation of the xylidines 
and a few higher alkyl derivatives of aniline. The sulfonation of some 
of these compounds and others of similar nature has already been re- 
ferred to under the general discussion of sulfonation reactions for 
amides (see p. 246). 

A series of long-chain p-alkylanilinesulfonic acids has been described 
in the patent literature.“*¢ a-Alkylbenzylamines **?” also have been 
sulfonated to give products useful in the textile industry. 

Sulfonation of Nitro- and Haloaminobenzenes. The number of 
known halogen and nitro derivatives of aminosulfonic acids is not 
large, and of these most of the bromine compounds and all the iodine 
derivatives have been made by methods other than direct sulfonation. 
The data dealing with those obtained by sulfonation reactions other 
than those already mentioned (see p. 246) are given in Table XI. 
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Sulfonation of Aminocarboxylic Acids. Anthranilic acid and its 
meta isomer together with their derivatives are apparently the only 


TABLE IX 
SULFONATION OF TOLUIDINE DERIVATIVES 
Reagent . 
Compound Sulfonated and oe Position of Sulfo Group 
ate, 
Reference 
Toluene Substituents 
2-Methylamino- B,1 20%; | 20-30°, then 4- 
4.5 parts 50° 
A} 180-200°, 5- (2) 
10 brs. 
2-Dimethylamino- A,? 4 parts} 180-210° 5- (?) 
B25%; | 5° 4- 
7 parts 
2-Diethylamino- B,3 25%; | 5° 4 
10 parts 
2-Acetylcarbamido cy» 10-15° 5- 
3-Acetylcarbamido cu 10-15° 6- 
4-Ethylamino- BS ahareios dade 2- 
4-Diethylamino- Be eA eeabbee iba 2- 
4-Acetamido- B,> 20% | 40° 2- 

C,* 5 moles} 80°, 1 br. 2- SO2Cl 
4-Carbamido- B, 10% | 60° 3- (79%), 4- (trace) 
2-Acetmethylamino- By 2% | cscevccacs 4- 
4-(p-Toluenesulfonamido)- | A® 100° 4-CH;CsH3(SOsH)NH2-2,1 

Arylureas 
sym-Di-4-tolylurea A’ 150-160° 4-CHsCeH3(SOsH)NH?-2,1 


1Gnehm and Blumer, Ann., 804, 109 (1899). 

2 Michler and Sampaio, Ber., 14, 2168 (1881). 

3 Méhlau, Klimmer, and Kahl, Chem. Zentr., II, 377 (1902). 
48chmidt, J. prakt. Chem., [2] 48, 62 (1893). 

§ Zincke and Rollhiueer, Ber., 45, 1498 (1912). 

6 Witt and Uerményi, Ber., 46, 301 (1913). 

7 Cazeneuve and Moreau, Bull. soc. chim., {3} 19, 22 (1898). 
8 Johnson and Smiles, J. Chem. Soc., 188, 2384 (1923). 

9 Scott, ibid., 188, 3191 (1923). 

10 Cox, J. Am. Chem. Soc., 68, 744 (1940). 


aminocarboxylic acids of the aromatic type that have been sulfonated. 
Anthranilic acid, treated with chlorosulfonic acid **7 in nitrobenzene, 
or with oleum * at 180° or lower, sulfonates para to the amino group. 
In the oleum reaction sulfanilic acid is obtained as a by-product. 
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TABLE X 
Reagent : 
Compound Sulfonated “and Rene Position of Sulfo Group 
ata, 
Reference 
Aniline substituenis 
2,4-Dimethyl- B,) 1.5 vol.| 140-150° 5- 
B?20% | “Cold” 5- 
A,? excess | 190° 5- 
on “Hot” 5- and 6- 
Ay 1 hr. 220° 6- 
1 mole or at 185~ 
195°, 6 
hrs. 
2,5-Dimethyl- Al 60.9 | 6 hr., 230° 4- 
parts 
A,?1 mole | Heat in gas 4- 
stream 
Biers “Cold” 6- 
3,4-Dimethy]l- A’ 160~-180° 5- and 6- 
2,3-Dimethyl- A’ 160-180° 4- and 5- 
2,4-Dimethylacet- B,8 20%; | 140° 5- 
1.5 parts 
2,5-Dimethylacet- B,* 20%; | 40°, 3 hr. | 4- 
3.25 parts 
2-Ethylacet- A® Heat 2-CoHsCgH3(SO3H)N He-4(?),1 
2-Methyl-4-isopropyl- BM Ube cece restena Sire 5- (?) 
2-Isopropyl-5-methyl- Bu 160-165° 4- 
Arylureas 
Di-(2,4-dimethylpheny]) | A*, 3 parts} 160° (CH3)2CaH2(SO3H) NH2-5,1 
urea, 
Di-(3,4-dimethylphenyl) | A’? 160-180° |(CH3)eCsH2(SO3H)NH--6, 1 
urea, 


1 (a) Deumelandt, Z. Chem., 22 (1866). (6) Jacobsen and Ledderboge, Ber., 16, 193 (1883). 
(ce) Nélting and Kohn, Ber., 19, 138 (1886). 

§ Zincke and Maué, Ann., 389, 215 (1905). 

3 Junghahn, Chem. Ind. (German), 86, 57 (1903). 

4 Junghahn, Ber., $8, 3749 (1902). 

& Armstrong and Wilson, Chem. Newa, 88, 46 (1901). 

8 Nélting, Witt, and Forel, Ber., 18, 2664 (1885). 

7 Simonsen, J. Chem. Soc., 168, 1150 (1913). 

& (a) Junghahn, Ber., 88, 1365 (1900). (6) Moody, Chem. News, 66, 60 (1892). 

§ Cazeneuve and Moreau, Bull. soc. chim., [3] 18, 23 (1898). 

© Kelbe and Warth, Ann., 881, 177 (1883). 

1 Widman, Ber., 10, 246 (1886). 

12 Paucksch, Ber., 17, 2803 (1884) 
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Compound Sulfonated 


Aniline substituenis 
4-Fluoroacet- 


2-Chloro- 
3-Chloro- 


3-Chloroacet- 
4-Chloro- 


2-Bromo- 
4-Bromo- 


4-Bromoacet- 

2,5-Dichloro- 

3,4-Dichloro- 
3-Chloro-4-methy]- 
2,3-Dichloro-4-methyl- 
2-Chloro-3-bromo-4-methyl- 
2-Nitro- 

3-Nitro- 


3-Nitro-4-chloro- 
3-Nitro-4-methyl- 


3-Nitro-2,4,5-trimethyl- 
Arylureas 


Di-(4chlorophenyl) urea 
Di-(4-bromopheny]!) urea 


TABLE XI 


Reagent* and} Reaction 


Reference Data 
A,* 100% 170-180°, 
2 brs. 
B,? 15% 145°, 
15 min 
A,' 1 mole 160°, 30 
min 
B? 100° 
AR Fe ae 
NH,SO3II,‘ | 230-250° 
0.33 parts 
BS 15% 145°, 15 
min. 
Be 6 30-40% | “warm” 
B Heat 
C2HsHSO,,* | Heat 
1 mole 
A,°2.5 parts {| 170-180°, 
lhr. 
B, 18%, 170-180° 
3 parts 
B, 23% 110-120° 
Auris 200-215° 
AM |] Lecce aes 
A or B¥ 170-200° 
A or B2 170-200° 
B*6IO | ........ 
parts 
Bu 160° or 
120-140" 
Bi 170-180° 
Bor.c" 135-150° 
or 160° 
cs 165° 
Bw Nh Sede dteate 
BB dieu coe 
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Position of Sulfo Group 


2-; (ACOH lost) 
3-; (ACOH lost) 
4 
6- and 4 
4 
2- and 3- (trace) 
2- and 3- 

3. 

5- 

2- 
4-BrCeH3(SO3H) NH2-2,1 


4 


PPR P PEEP EP 


* A is sulfuric acid, B is oleum, and C is chlorosulfonic acid. 
1 Nélting and Battegay, Ber., 80, 84 (1906). 

3 Post and Meyer, Ber., 14, 1607 (1881); Claus and Bopp, Ann., 866, 105 (1891). 

3 Badische Anilin- und Sodafabrik, German pat., 206,345, Chem. Zentr., 1, 964 (1909). 


4 Paal, Ber., $4, 2758 (1901). 
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5 (a) Claus and Mann, Ann., 265, 94 (1891). (b) Suter and Weston, J. Am. Chem. Soc., 88, 604 
(1940). 

6 Armstrong and Briggs, Chem. News, 68, 138 (1892). 

7 Augustin and Post, Ber., 8, 1561 (1875). 

8 Nolting, Ber., 8, 1005 (1875). 

9 Kreis, Ann., 226,381 (1895). 

10 Nélting and Kopp, Ber., 88, 3513 (1905). 

Ml Badische Anilin- und Sodafabrik, German pat., 162, 635, Chem. Zentr., II, 1142 (1905). 

12 Akt.-Ges, fiir Anilinfabrik, German pat., 172,461, ibid., II, 479 (1906). 

13 Badiache Anilin- und Sodafabrik, German pat., 175,378, tbid., II, 1541 (1906). 

4 Post and Hardtung, Ann., 205, 96 (1880); Boyle, J. Chem. Soc., 98, 1708 (1909); Bayer and Co., 
German pat., 204,547, Chem. Zentr., II, 780 (1916). 

18 Badische Anilin- und Sodafabrik, German pat., 132,068, ibid., II, 315 (1902). 

16 Nietzki and Lerch, Ber., 21, 3222 (1888). 

17 Foth, Ann., 220, 300 (1885). 

18 Mayer, Ber., 20, 968 (1887). 

1 Scott, J. Chem. Soc., 188, 3191 (1923). 

2% Scott and Cohen, ibid., 181, 2034 (1922). 

21 Wagner, Kissling, Hotz, and Fitaky, U. S. pat., 1,815,747, C.A., 26, 5435 (1931); U, 8. 
pat., 1,815,748, C.A., 35, 5435 (1931). 


Acetylanthranilic acid and chlorosulfonic acid *°° at 200° yield a quin- 
azoline derivative. 

m-Aminobenzoic acid or the related diarylguanidine reacts with 
oleum *** to give as the principal product 3-amino-4-sulfobenzoic acid, 
together with some 2-sulfo-5-aminobenzoic acid. The acids may be 
separated by crystallization of their barium salts from water. By the 
action of sulfuric acid at a high temperature *4* decarboxylation also 
occurs and sulfanilic acid is formed as a by-product. 

2-Amino-5-chlorobenzoic acid ** has been converted into a sulfonic 
acid that probably is substituted in the 3-position. 

Two amino acids having the basic group in the side chain may also 
be mentioned here. a-Aminophenylacetic acid when treated with pyro- 
sulfuric acid #4 at 120° is reported to sulfonate meta to the side chain 
while @-phenyl-a-aminopropionic acid with sulfuric acid at 100° gives 
the para compound.“? The structure of the phenylacetic acid deriva- 
tive was determined from the results of an alkali fusion. 

Sulfonation of Diamino Compounds. Many complex derivatives of 
these compounds which contain sulfo groups are known, but sulfona- 
tion of the phenylenediamines or their substitution products has rarely 
been mentioned in the literature. The sulfonated diphenylamines re- 
lated to the phenylenediamines are discussed in another section. 

1,2-Diaminobenzene (o-phenylenediamine) hydrochloride when 
heated with 7.5 parts of oleum **® at 100° gives the 4-sulfonic acid. 
1,3-Diaminobenzene hydrochloride with five parts of oleum *® at 170° 
likewise substitutes in the 4-position. With chlorosulfonic acid «° the 
4,6-disulfonyl chloride results. In contrast to this the 1,4-diamine is 
converted into its tetrachloro compound. 
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1,3-Diamino-4-chlorobenzene with oleum *#® gives the 6-sulfonic 
acid. This was not isolated as such, however, but as the acetyl deriva- 
tive. 2,4-Diaminotoluene with oleum * sulfonates in the 5-position 
at 100° 

Sulfonation of Aminophenols. Aminophenols and their ether and 
acyl derivatives, so long as the sulfonating agent is present in excess, 
undergo substitution ortho or para to the phenolic group regardless of 
the position of the basic substituent. On the other hand, in the “bak- 
ing process” as applied to p-anisidine, p-phenetidinc, and their chloro 
derivatives,**! a sulfo group is introduced ortho to the nitrogen. These 
results support the suggestion already made (see p. 247) that the 
mechanism of sulfonation is not the same for the two reaction pro- 
cedures. Since it was found by Cohn *** that even 50% sulfuric acid 
readily forms a salt with phenacetin, sulfonation of weakly basic com- 
pounds meta to the nitrogen in the presence of excess acid is under- 
standable. The difference between sulfonation and other substitution 
reactions has been noted in acet-o-anisidide **® where sulfonation oc- 
curs para to the oxygen and chlorination and nitration para to nitro- 
gen. 

p-Aminophenolsulfonie acid and a number of its derivatives have 
been obtained by reducing nitrobenzene and its substitution products 
in concentrated sulfuric acid. Whether the reduction is performed 
electrolytically *** or chemically **5 it is probable that a p-amino- 
phenol is a necessary intermediate, this in turn coming from the re- 
arrangement of an arylhydroxylamine.*™* A 10% yield of 4-amino- 
phenol-2-sulfonic acid is obtained by heating nitrobenzene with sul- 
furic acid *°7* above 170°; here part of the nitrobenzene acts as a re- 
ducing agent for the remainder, p-aminophenol being an intermediate 
product. The reaction of phenyl azide with oleum ‘57> also gives 
p-aminophenol-o-sulfonic acid when the reaction mixture is hydro- 
lyzed. 

4-Aminophenol is converted into the 2-sulfonic acid by warming 
with oleum *®* or sulfuric acid #54 @ 92% yield resulting with the 
latter reagent. p-Anisidine if heated with sulfuric acid *°* at 100° is 
for the most part demethylated as well as sulfonated, but with 20% 
oleum at 55° a high yield of 4-aminoanisole-2-sulfonic acid results. 
p-Phenetidine has been similarly sulfonated.**°* Phenacetin with sul- 
furic acid *5* at 100° sulfonates ortho to the ether group but with 
80-90% acid under reflux the products are p-aminophenol, p-amino- 
phenolsulfonic acid, and ethyl acetate. The benzoyl derivative be- 
haves in an analogous manner. 
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NHCOCeHs NHa2 NHe 
HBO, 
—> + + CsHsCOOC2Hs5 
3 
OC2Hs OH OH 


The urea derivative, p-C2H;O0Cys.H,NHCONHz, has also been sulfo- 
nated.*** The sulfonation of a phenetidide derived from a high- 
molecular-weight fatty acid yields a cleaning agent.**? When acet- 
aminopheny] acetate is treated with sulfuric acid the acctyl group on 
the oxygen is removed and sulfonation occurs ortho to hydroxyl. 

p-Oxanisidide disulfonates**® ortho to the methoxy groups when 
heated with sulfuric acid. 

3-Aminophenol with three parts of sulfuric acid **! at 100° gives the 
6-sulfonic acid. The 4-sulfonic acid or the 4,6-disulfonic acid + 
treated similarly also is changed into the 6-sulfonic acid. 

Sulfonation of 2-aminophenol with oleum *** transforms it into the 
4-sulfonic acid. The methyl ether with sulfurie acid *®* or oleum *** 
gives a sulfonic acid of analogous structure, the oleum producing a 
51% yield. Acet-o-anisidide with excess chlorosulfonic acid *®* at 50° 
is converted into the sulfony] chloride in 75% yield. The correspond- 
ing acetoacetanisidide has been monosulfonated with 10% oleum,** 
but the position of the sulfo group was not determined. Sulfonation 
of the imino chloride obtained from ox-o-anisidide and phosphorus 
pentachloride gives a disulfonic acid which upon treatment with water 
loses the chlorines.** 


OCHs OCHs OCH3 OCH3 
N==C—C==N; NHC—CNH 
ole weet | | 
then H,O oO O 
S03H S03H 


4-Chloro-2-aminophenol and its N-acetyl derivative sulfonate at 
100° with sulfuric acid *% to the 6-sulfonic acids. 

2,6-Dimethyl-4-aminophenol is quite possibly an intermediate in 
the preparation of the 3-sulfonic acid through the action of dilute sul- 
furic acid *** upon 2,6-dimethylphenylhydroxylamine. 

Sulfonation of tyrosine #*? and N-methyltyrosine *® with sulfuric 
acid at 100° introduces a sulfo group ortho to hydroxyl in each in- 
stance. Methyl 3-hydroxy-4-aminobenzoate with oleum ** yields a 
sulfonic acid that probably has the 6-structure. 2-Hydroxy-5-amino- 
benzoic acid has been sulfonated by sulfuric acid.*%? 
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SvULFONATION or BIPHENYL AND I'rs DertvaTIVEs 


Compared with the numerous sulfonic acids which have been ob- 
tained from benzene and naphthalene and their derivatives the bi- 
phenyl] series has been little investigated. Biphenyl has been readily 
available for only a few years and a convenient source of its alkyl 
derivatives is still lacking. It might be possible to remedy this defi- 
ciency as far as some of the methyl and ethyl compounds are con- 
cerned through the Friedel-Crafts reaction but this seems not to have 
been undertaken as yet. Until lately the sulfonic acids derived from 
benzidine were the only ones of importance technically, but it has now 
been shown ‘”472 that other aminosulfonic acids synthesized from 
biphenyl produce excellent dyes. 

One characteristic of this hydrocarbon and some of its derivatives 
is their tendency to form 2,2’-cyclic sulfones when acted upon by sul- 
fonating agents. Apparently only where groups such as hydroxyl 
make sulfonation possible under mild conditions does substitution oc- 
cur in the 2-position without ring closure and sulfone formation. 

The directive influence of one phenyl group when attached to an- 
other is not unlike that of a halogen. However, biphenyl sulfonates 
somewhat more readily than does chlorobenzene. 

Sulfonation of Biphenyl. Several procedures for preparing bipheny]- 
4-sulfonic acid have been described. It results from heating biphenyl 
with an equal weight,*”? three times its weight,‘7* or a 32% excess of 
sulfuric acid.t7* It may be separated from the disulfonic acid formed 
at the same time by the low solubility of its copper salt. A method 
which gives a higher yield (90%) than any of the foregoing consists 
in heating bipheny] in nitrobenzene with sulfuric acid.*7> This sulfonic 
acid also results from warming biphenyl] with chlorosulfonic acid ¢7* in 
acetylene tetrachloride at 50°. 

Biphenyl-4,4’-disulfonic acid is obtained in nearly quantitative yield 
by heating the hydrocarbon with excess sulfuric acid *7°478*477¢ and 
precipitating as the potassium salt with 20% potassium chloride. By 
an intermolecular sulfonation and desulfonation reaction, heating po- 
tassium biphenyl-4-sulfonate gives biphenyl and the 4,4’-disulfo- 
nate.t78® The 4-sulfonyl chloride sulfonates in the 4’-position with 
4% oleum without loss of the halogen.*’” 

If biphenyl is allowed to stand with an equal weight of chlorosul- 
fonie acid for 12 hours at 18° or with a large excess at 0° an 80% yield 
of the 4,4’-disulfony! chloride results. If, however, in the latter case 
the temperature is 18° the product is (xenylene-2,2’ sulfone) -disulfony] 
chloride {(dibenzothiophenene dioxide) -2,7-disulfony] ¢hloride].*7* 


SULFONATION OF HYDROXYBIPHENYLS 259 


+6CISO3H — +3H2504+4HCl1 
ClO2 O2Cl 
S 
O2 


Sulfonation of Alkylbiphenyls. The sulfonic acids of several homo- 
logs of biphenyl have recently been utilized *7® in separating these hy- 
drocarbons from the high-boiling fractions of coal tar. 3-Methylbi- 
phenyl apparently sulfonates in the 4-position while the 4-isomer gives 
a 2’-sulfonic acid. The proof of the structures is not, however, all 
that might be desired. A sulfonic acid was also obtained from 3,4’- 
dimethylbiphenyl. The pure hydrocarbons were regenerated from 
these sulfonic acids by high-temperature hydrolysis. 

2,2’,3,3’,4,4’,6,6’-Octamethylbiphenyl with excess chlorosulfonic 
acid *7° at 0° gives a 77% yield of the disulfonyl chloride. 2-Methyl- 
5-isopropylbiphenyl with 6% oleum ** yields a sulfonic acid whose 
structure was not determined. The 9,10-dihydrophenanthrene may be 
regarded as a biphenyl derivative. By the action of sulfuric acid at 
80° this is converted into a mixture of two disulfonic acids.*® 

Sulfonation of Halo- and Nitrobiphenyls. 4,4’-Dibromobiphenyl 
with an equal weight of chlorosulfonic acid in chloroform **! gives a 
mixture from which were separated a 32% yield of the 3-sulfonic acid 
and a 25% yield of the dibromobiphenylene-2,2’-sulfone. At 60° in 
the absence of a solvent the results were quite different. Some 41.5% 
of the mixture was the 3,3’-disulfonic acid, 12.5% the corresponding 
disulfonyl] chloride, and 42% the sulfone mentioned above. With ex- 
cess sulfuric acid at 80° the 3,3’-disulfonic acid was the only product 
isolated whereas 16% oleum at 80° gave also some of the sulfone; 30% 
oleum produced a disulfonic acid of the sulfone. 

4-Nitrobiphenyl reacts readily with sulfuric acid **? to give the 
4’-sulfonic acid. 

Sulfonation of Hydroxybiphenyls. Several sulfonic acids have been 
obtained from arylphenols. Slight warming of 4-hydroxybiphenyl with 
sulfuric acid *78* gives chiefly a disulfonic acid in which one sulfo group 
must be in the 4’-position since a small amount of this monosulfonic 
acid accompanies the main product, separation being accomplished 
by the potassium salts. Heating the 4-hydroxybipheny]-4’-sulfonate 
gives the disulfonate and 4-hydroxybipheny]l. 

2-Hydroxybiphenyl sulfonates in the 5-position.*°*  Alkylated 
2-hydroxybiphenylpolysulfonic acids and 4-hydroxybiphenylsulfonic 
acids have been patented as wetting agents.*®4 
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2,2’-Dihydroxybipheny! with sulfuric acid +*° at 50-60° gives rise 
to the 5,5’-disulfonic acid while at 150° the 3,3’,5,5’-tetrasulfonic acid 
is formed. 3,3’-Dihydroxybiphenyl] has been disulfonated but the 
structure of the resulting compound is uncertain.*%* 4,4’-Dihydroxy- 
biphenyl is disulfonated when dissolved in sulfuric acid *** at 100°, 
trisulfonated by heating with ten parts of the acid at 100-120°, and 
tetrasulfonated at 160-170°. The first two sulfo groups are in the 3,3’- 
positions and the others probably in the 5,5’-locations. With chloro- 
sulfonic acid 4** 4,4’-diethoxybiphenyl yields the 3-sulfonic acid, the 
3,3’-disulfonic acid, and a sulfonyl chloride. 

Treating 3,3’,5,5’-tetrahydroxybiphenyl with cold sulfuric acid ** 
converts it into a disulfonic acid of unknown structure. 

A complex ketone, 2,2’,4,4’-tetramethy1-6,6’-di- (2-carboxybenzoy]) - 
biphenyl, is believed to sulfonate in the 3,3’-positions rather than in 
the benzoy] groups.*#® 

Sulfonation of Amino Derivatives of Biphenyl. The only bipheny] 
derivatives containing one or more amino groups which have been 
converted into sulfonic acids by direct sulfonation are, with the excep- 
tion of 4-aminobiphenyl, all of the benzidine type. Undoubtedly fur- 
ther investigation of sulfonic acids in the biphenyl series would yield 
interesting and profitable results. Benzidine and its homologs under 
the proper conditions undergo ring closure with sulfone formation, a 
type of reaction already noted for other 4,4’-substituted biphenyl 
derivatives. 

One sulfo group is introduced into 4-aminobipheny! through the ac- 
tion of four parts of sulfuric acid **°* at 130°. This is in the 4’-position 
since biphenyl itself sulfonates more readily than benzidine and hence 
the unsubstituted ring would react first. 4-Acetaminobiphenyl with 
chlorosulfonie acid gives the 4’-sulfonyl chloride.° 

Benzidine has been converted into a number of products by the ac- 
tion of sulfonating agents. By heating the acid sulfate 4 at 170° 
for 24 hours or heating benzidine sulfate with six parts of 100% sul- 
furic acid at the same temperature, monosulfonation occurs in the 
3-position. Baking the acid sulfate at 210-220° for 36-48 hours pro- 
duces a 90% yield of the 3,3’-disulfonic acid. This is also the chief 
product when benzidine is heated with two parts of oleum *? at 170°. 
It is interesting to note that azo dyes prepared from tetrazotized ben- 
zidine and §-naphthyfhmine sulfonate much more readily in the bi- 
phenyl! nucleus than does benzidine itself.*° 

If benzidine is heated with a large excess of sulfuric acid at 180-190° 
it is converted into a mixture of the tri- and tetrasulfonic acids.*®- 49 
Addition of oleum aids the reaction. The positions occupied by the 
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last two sulfo groups are not known but judging from the reaction con- 
ditions they are probably ortho to the amino groups. Benzidine mono 
and disulfonic acids are practically insoluble in water while the tri 
and tetra compounds are readily soluble. Separation of the tri and 
tetra compounds is readily effected through their barium salts. 

Sulfonation of benzidine with oleum below 100° yields the cyclic 
sulfone.**° A 70% yield is obtained from 92 g. of benzidine and 800 g. 
of 21% oleum when the mixture is kept at 70-80° for 5 hours.*** If 
the temperature is raised to 130-160° a mixture of the mono- and 
disulfonic acids of the sulfone is formed.‘ 


—_ _ 
HeN INHe HeN He 
Ss) 
Oz 
HO3S OsH 
(?) 
H2N Y IN He 
NS) 
Oz 


3,3’-Dimethylbenzidine (tolidine) behaves in all respects like benzi- 
dine toward sulfonating agents.‘°° By the action of oleum at 4° the 
3,3’-dimcthoxy- and 3,3’-diethoxybenzidine *® are converted into the 
6,6’-disulfonic acids, apparently without sulfone formation occurring. 

N,N,N’,N’-Tetramcthylbenzidine is converted into the 3-sulfonic 
acid by treatment with 12% oleum.**® Benzidine-2,2’-disulfonic acid, 
prepared by the benzidine rearrangement is readily sulfonated by 
oleum **? to a tetrasulfonic acid of uncertain structure. 


SULFONATION oF DIPHENYLMETHANE AND ITs DERIVATIVES 


The directive influence of the benzyl group differs from that of 
methy] in that no ortho sulfonation products have been reported. Thus 
diphenylmethane upon treatment with chlorosulfonic acid *** at 0° in 
chloroform gives the 4-sulfonic acid, and excess oleum **® at 100° re- 
sults in the formation of the 4,4’-disulfonic acid. The mono- *® and 
disulfonie acids ®°° obtained from 2-methyl-5-isopropyldiphenylmeth- 
ane, and two sulfonic acids from ®t 4-methyldiphenylmethane are of 
unknown structure. 4-Hydroxydiphenylmethane with a slight excess 
of sulfuric acid at 100° sulfonates in the 3-position 5°* while with 1.5 
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parts of this reagent a disulfonic acid is formed.°°? What is probably 
2-hydroxydiphenylmethane has also been sulfonated.** All three ni- 
trodiphenylmethanes give the 4’-sulfonic acid when heated with sul- 
furic acid.°*> The action of 23% oleum *¢ at 130° upon 3,3’-dimethyl- 
4,4’-diaminodiphenylmethane converts it into a disulfonic acid. Add- 
ing 25% oleum °°"? to a solution of 4,4’-bis- (dimethylamino) -dipheny]- 
methane in 100% sulfuric acid at 110° gives the 2- or 3-sulfonic acid. 
2-Hydroxy-4-diethylamino-2-carboxydiphenylmethane undergoes both 
sulfonation and ring closure when treated with 30% oleum *°7 at 100°. 


SULFONATION OF BENZOPHENONE AND ITs DERIVATIVES 


Like the benzyl group, the benzoyl substituent directs sulfonation 
to a single position, in this case the meta. Apparently benzophenone 
has not been monosulfonated, ten parts of 15% oleum 4-58 at 90° 
converting it into the 3,3’-disulfonic acid. 2,4-Dimethylbenzophenone 
with 20% oleum"* substitutes in the 5-position. The sulfonation 
products of 2,5-dimethylbenzophenone,™° 2,4,6-trimethylbenzophe- 
none,®*° and 2-methyl-5-isopropylbenzophenone *? are of unknown 
structure. 4-Phenyl-2’-carboxybenzophenone is sulfonated by sulfuric 
acid,®!? probably in the phenyl group. 

Two nitro compounds, the 3-nitro-4’-methylbenzophenone *# and 
the 3-nitro-2’,4’-dimcthyl compound *"* sulfonate slowly with oleum, 
the sulfo groups undoubtedly entering the ring having the alkyl 
groups; the positions have not been determined, however. 

4-Methyl-3’-aminobenzophenone reacts with oleum ** at 100° to 
produce a monosulfonic acid. 4-Dimethylaminobenzophenone with the 
same reagent at 130° is converted into the 3-sulfonic acid. 


SULFONATION OF MISCELLANEOUS Di1arYL CoMPOUNDS 


Sulfonation of Diarylalkanes, The next higher homolog of diphen- 
ylmethane, 1,2-diphenylethane (dibenzyl), reacts with two volumes of 
sulfuric acid 545 to form a disulfonic acid, probably with the 4,4’-struc- 
ture, and a trace of a tetrasulfonic acid. One might expect more of 
a trisulfonic acid than of the tetra compound but this was not reported. 
1,1-Dipheny]-2,2,3-trichlorobutane with oleum ®° yields a disulfonic 
acid of unknown structure. 

Sulfonation of Diarylalkenes. Several sulfonic acids of the 1,2- 
diphenylethylene or stilbene type have been prepared by sulfonation 
reactions. The most important methods for preparing these com- 
pounds, however, involve other procedures. 
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A disulfonic acid results from the action of oleum *!7 on stilbene. 
It is noteworthy that the ethylene linkage is apparently unaffected. 
2,4-Dinitrostilbene with ten parts of sulfuric acid at 100° gives a 
monosulfonic acid and with oleum at the same temperature a disul- 
fonated compound.*® 2,4-Dinitro-a-(or 8)-chlorostilbene is converted 
into the 4’-sulfonic acid when sulfonated. 

A compound differing from the stilbene type in that both aryls are 
attached to the same carbon, namely a,a-bis-(2,4,5-trimethylpheny]) - 
B,8-dichloroethylene, with 20% oleum *!* yields a disulfonic acid which 
may be either the 3,3’- or 6,6’-derivative. 

Sulfonation of Some Ketones and Acids. A number of more com- 
plex diary] compounds have been sulfonated. The sulfonation of a se- 
ries of alkyldesoxybenzoins of the general formula CgH;CHRCOCgH; 
where R contains sixteen to eighteen carbons yields wetting agents.5?° 
Also several chalcones 5*° containing one or two methoxy groups, and 
their dihydro compounds; the truxillic acids,®*! 2-hydroxybenzal-a- 
indanone,*?** the isatropic acids 5° and podocarpic acid °° have all 
been converted into sulfonic acids. 

Sulfonation of Aryl Ethers, Sulfides, and Sulfones. Ethers and 
sulfides behave similarly toward sulfonation except that an ortho sul- 
fonic acid is not formed in the ether series when a para position is 
vacant. In the sulfonation of phenyl sulfide the 2,2’- and 4,4’-disul- 
fonic acids are produced. The available data are presented in Table 
XII. Here A represents sulfuric acid, B, oleum, and C, chlorosulfonic 
acid. 

The sulfonation of a number of other sulfones is mentioned inciden- 
tal to reactions in which sulfonic acids are the principal products. 

A large number of alkylated pheny!] ether sulfonic acids have been 
described as wetting agents or detergents.5** 


RCsHsz0CeHs + H2S04, —- RCsH,OCsH.SO3H + H2O 


Sulfonation of Diphenylamine and Its Derivatives. The majority 
of the sulfonic acids related to diphenylamine have been made by the 
condensation of an aromatic amine with a halogen compound in which 
the halogen is activated by the presence of the nitro or carboxy group. 
Only for diphenylamine itself have the effects of sulfonating agents 
been investigated in detail. 

Diphenylamine is little affected by sulfuric acid at 100°, but at 150- 
170° five parts of the amine with six parts of acid °** give a mixture 
of mono- and disulfonic acids together with unchanged amine. With 
chlorosulfonic acid **° in nitrobenzene below 90° it is possible to get 
the addition product (CgHs)2,NH2OSO2CI which decomposes at higher 
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TABLE XII 
Compound Sulfonated oe Reaction Data cco i 
Phenyl ether substituents 
None NH.2SO3H,? 1 mole] .............. 4. 
A,? 7 1,2 mole In acetic anhy- | 4- (93% yield) 
dride, 100° 
A,? excess 100° 4,4’- 
C,? 2.2 parts 25-30° 4,4’-di-SO2Cl 
(88% yield) 
4-Bromo- A,? 2 moles 100° 4- (100% yield) 
C,? 2.2 moles 25-30° 4-SO2Cl (45%) 
2-Nitro- A‘ 100° 4’- (?) 
4-Nitro- Bs 100° 4’- (2) 
2,4-Dinitro- As Warming 4’- (?) 
2,4-Dinitro-6-carboxy- {| A® 150° 4'- (2) 
4-Amino- A’, 1 mole 180° 3- (?) 
Miscellaneous compounds 
1,2-Diphenoxyethane Ae ideashazs ainete soseebectias 4,4'-di 
w-Phenoxyacetophenone | A® sw. eee eee ? 
1,3-Diphenoxy-2-hy- Aw Warm 4,4’- (?) 
droxypropane 
§8-Phenoxy-f-phenyl- As 130-135°, 1 min. | 4,4’ (?) 
propionic acid 
Phenyl sulfide Au 15° 2,2’- and 4,4’- 
A," 3 parts 100°, 12 hrs 4,4’- 
Cé@1mole | gs ee eee eee 4- (?) 
CW 2moles | ww eee eee eee 4,4’- 
Pheny] sulfone C,“ 1 mole 150° 3- 
C,* 2 moles 150-160° 3,3’- 


1 Quilico, Atti. accad. Lincet, [6] 6, 512 (1927). 
2 Suter, J. Am. Chem. Soc., 68, 1112 (1931). 


3 Fittig, Ann., 188, 330 (1863); Hoffmeister, Ber., 8, 747 (1870); Ann., 189, 191 (1871). 
4 Jones and Cook, J. Am. Chem. Soc., 88, 1538 (1916). 

5 Cook, ibid., 88, 1292 (1910). 

8 Purgotti, Gazz. chim. ital., 44, I, 642 (1914). 

7 A.-G. fir Anilinfabrik, German pat., 169,357, Chem. Zentr., I, 1307 (1908). 

8 Lippmann, Compt. rend., 68, 1271 (1869). 

9 Stoermer and Atenstiidt, Ber., 36, 3564 (1902), 

10 Réssing, Ber., 19, 66 (1886). 

4. Bourgeois and Petermann, Rec. trav. chim., 38, 350 (1903). 

1 Otto and Tréger, Ber., &6, 994 (1893). 

3% Otte and Knoll, Ber., 11, 2075 (1878); Otto, Ber., 19, 2418 (1886). 

14 Otto and Réssing, Ber., 19, 3125 (1886). 

Ib Zehenter, Monatsh., 87, 598 (1916). 

16 Bogert and Marcua, J. Am. Chem. Soc., 41, 103 (1919). 

V7 Voroshtsov, J. Gen. Chem. (U.S.S.R.), 10, 935 (1940); C.A., 88, 3989 (1941). 
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temperatures with evolution of hydrogen chloride and formation of a 
sulfonic acid. The products vary with the amount of chlorosulfonic 
acid used as shown in Table XIII. From this it is seen that the use 


TABLE XIII 
SULFONATION oF DIPHENYLAMINE 
Mot. Ea. or UNCHANGED MOoNOsULFONIC DisuLFonNic 
CISO3H AMINE, % Acip, % Acip, % 
0.5 70 25 5 
1.0 40 38 22 
1.5 16 34 50 
2.0 0 0 100 


of 0.5 molecular equivalents of sulfonating agent is the most efficient 
for preparing the monosulfonic acid. Substitution occurs in the 4-posi- 
tion as the trinitrated sulfonic acid is the same as the compound ob- 
tained from pieryl chloride and sulfanilic acid. Disulfonation to the 
4,4’-compound is readily carried out at 110-115°. 

A by-product obtained in small yield from the action of methyl sul- 
fate 25 upon diphenylamine is probably diphenylmethylamine-4-sul- 
fonie acid. Diphenylmethylamine with 0.54 part of sulfuric acid °° at 
160° for 10 hours produces a sulfonic acid of unknown structure, while 
the reaction with oleum was reported to proceed with difficulty. 

Acetyldiphenylamine with oleum °*7 at 45° gives a monosulfonic 
acid, whereas at 120° disulfonation occurs. 

3-Hydroxydiphenylamine with sulfuric acid *** at 100° is converted 
into the 4-sulfonic acid and the 4-hydroxy compound with the same 
reagent in the cold 5° yields the 3-sulfonic acid. The sulfonation 
product obtained from 4-aminodiphenylamine is of uncertain struc- 
ture.58? 

Sulfonation of Benzylarylamines. In the sulfonation of compounds 
containing phenyl and benzyl groups attached to nitrogen, substitution 
occurs first in the benzyl] part of the molecule. Salt formation with 
the amine decreases the ease of sulfonation in the ring directly at- 
tached to the amino group. Thus phenylbenzylmethylamine with 
100% sulfuric acid at 100° monosulfonates in the benzyl group ** 
while with oleum **? disulfonation results, the second sulfo group going 
meta in the ring attached to nitrogen. Phenylbenzylethylamine be- 
haves in an exactly analogous manner. Among the products obtained 
by the action of thionyl chloride ** in ether solution upon these two 
amines are the monosulfonic acids which were separated after boiling 
the reaction mixtures with water. 
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o-Tolylbenzylamine with 100% sulfuric acid "** and m-tolylbenzyl- 
ethylamine with 20% oleum 5*5 are converted into sulfonic acids whose 
structures are unknown. The sulfonation probably occurs in the ben- 
zyl groups. Dibenzylamine with oleum "°° yields the 4,4’-disulfonic 
acid. It is interesting to note that benzalaniline in contrast to the 
benzyl compounds sulfonates in the ring attached to nitrogen."*” 

Sulfonation of Azobenzene. The action of 20% oleum upon azo- 
benzene "8 at 20-80° gives a 90% yield of a sulfonie acid whose prop- 
erties differ from that obtained by indirect methods. The compounds 
are believed to be cis-trans isomers. 


SULFONATION OF TRI- AND TETRAARYL COMPOUNDS 


Sulfonation of Triphenylmethane and Its Derivatives. With few 
exceptions the triphenylmethane derivatives that have been sulfonated 
are amines which are the leuco compounds of dyes. These are pre- 
sented in tabular form. 

Triphenylmethane with oleum °°? yields a trisulfonic acid of un- 
known structure. 2-Methoxytriphenylacetic acid when shaken with 
sulfuric acid °° is converted into 2-methoxy-4(or 5?)-sulfotriphenyl- 
carbinol. The 2,4-dimethoxy compound behaves similarly. It is 
claimed that the methy] ester of this latter acid gives a 6-sulfonic acid, 
but this is contrary to what would be expected. 


[(CeHs)2CCeH3(OCH3)2]COOCH3 + H280O4 — 

[(CeHs) 2CCgH2(OCH3)2803H]COOCH3 + H20 
The lactone of 2,4-dihydroxytriphenylacetic acid is sulfonated in the 
5-position and hydrated to the free acid through the action of excess 
sulfuric acid.5*° The complex triphenylearbinol ether shown in the 
equation undergoes tetrasulfonation, supposedly in the positions indi- 
cated. 


+ 480, 23 
CHs H3C 
OH 


(CeHs)2COH (CeHs)2 
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This structure for the sulfonic acid is quite unlikely as ortho disulfona- 
tion is extremely rare. 

A number of compounds related to 4,4’-bis-(dimethylamino) -tri- 
phenylmethane have been converted into sulfonic acids. In the first 
column of Table XIV is shown the substituent, if any, in the third 
benzene ring. A, B, and C represent sulfuric acid, oleum, and chloro- 
sulfonic acid respectively (see p. 268). 

4,4’-Bis-(diethylamino)-3’-hydroxytriphenylmethane upon _treat- 
ment with oleum yields the 4”,6’-disulfonic acid.*° The analogous 
4,4’-bis- (benzylethylamino) -3”-hydroxytriphenylmethane sulfonates 
similarly. 4,4’-Bis-(benzylmethylamino)-triphenylmethane and _ its 
ethyl analog when trisulfonated **1 substitute in the para positions in 
the two benzy] groups and in the unsubstituted phenyl. Monosulfona- 
tion of 4,4’-bis- (benzylethylamino) -2”-sulfo-5”-nitrotriphenylmethane 
also occurs in one of the benzyl groups.*# 

Di-(benzalhydrazino)-triphenylmethane with oleum * undergoes 
both sulfonation and oxidation with formation of a green dye. 

4,4’, 4”-Triaminotriphenylmethane with 60% oleum "+ at room tem- 
perature gives a disulfone which by heating with the sulfonating agent 
is trisulfonated. These reactions are shown below. 


NH: 
80s, sy 808, 
uN >-G<X<ONE HN NH 
H 
NH: 
Og! Oz 0. 3H 
HN NHe2 


HOS 4H S803H 


Sulfonation of Other Triaryl Compounds. Triphenylamine when 
acted upon by excess oleum ™* below 60° is trisulfonated, most likely 
in the para positions. Dibenzylphenylamine with oleum *#? at 80° 
sulfonates in the benzyl groups in the para positions. 

4-Hydroxydiphenylbenzoylmethane monosulfonates readily."“** The 
sulfo group undoubtedly occupies the 3-position. Phenylbenzylben- 
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TABLE XIV 
SULFONATION OF 4,4’-B318(DIMETHYLAMINO)-TRIPHENYLMETHANES 
: > ‘ Reagent and A Position of 
Group in Third Ring Rehrenea Reaction Data Sulfo Group 
None Aor Bi “Heat” 4”. 
2’-Methyl- B22%% | ....e.eee 4". (?) 
2”-Methyl-5’’-sulfo- Be 8 = Ue alee a 3”- 
4”-Methyl- Br 25% | kee ee 3” 
2”-Chlioro- Cc? In CHCl, (?) 
warm 
””.Methoxy- B,? 25% 100° 5’ (2) 
4''-Methoxy- B,? 25% 100° 3’’- (7) 


1 Débner, Ann., 317, 259 (1883). 

2 Nélting and Gerlinger, Ber., 39, 2048 (1906). 

3 Leonhart and Co., German pat., 128,086, Chem. Zentr., I, 447 (1902). 
zoylmethane has also been sulfonated 5*7 but the position of the enter- 
ing group is here more difficult to predict. 

Sulfonation of Tetraphenyl Compounds. sym-Tetraphenylethane **° 
and tetraphenylethylene °° with warm sulfuric acid yield tetrasulfonic 
acids. Phenylaminotriphenylmethane with pyrosulfuric acid °° below 
60° sulfonates in the ring attached to nitrogen, probably in the para 
position. 


SuLFONATION oF NAPHTHALENE AND Its ALKYL DERIVATIVES 


The naphthalenesulfonic acids are valuable as sources of the naph- 
thols, naphtholsulfonic acids, and nitronaphthalenesulfonic acids; these 
last are utilized in the preparation of the corresponding amino com- 
pounds, useful as dye intermediates. In contrast to the benzene series 
the homologs of naphthalene have been little investigated, the hydroxy 
and aminonaphthalenesulfonic acids having received the greater share 
of the attention. 

Sulfonation of Naphthalene. The reactions of naphthalene with va- 
rious sulfonating agents have been studied by numerous investigators 
over a period of more than one hundred years. Brande °°! was appar- 
ently the first to report the formation of water-soluble acidic products 
through the action of sulfuric acid. Faraday 557° was aware that two 
sulfonic acids were produced and was able to separate them through 
their barium salts. He also noticed that the acid present in smaller 
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amount diminished in importance at low temperatures of sulfonation, 
but it was not until much later *** that the effect of temperature in de- 
termining the ratio between the yields of the two isomers was examined 
in any detail and satisfactory methods for separating the two com- 
pounds developed. 

In the course of their extensive investigations of the sulfonation of 
naphthalene Armstrong and Wynne °*¢ came to the conclusion that 
regardless of the experimental conditions there were certain limitations 
upon the position which a sulfo group would assume when one or more 
other such groups were already present. No sulfonic acid could be 
prepared by direct methods in which two sulfo groups were ortho, para, 
or pert to each other. This rule limits the sulfonation products to 
those shown in the chart. Here S represents SO3H. 


Cuart I 


Of the various predicted acids the 1,3-disulfonic acid has been made 
only recently by a sulfonation reaction. It has been found that the 
1,3,6-trisulfonic acid is actually a final sulfonation product since it is 
not affected by sulfur trioxide whereas the other two trisulfonic acids 
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are converted into the 1,3,5,7-tetrasulfonic acid. Out of a theoreti- 
cally possible seventy-five naphthalenesulfonic acids, twelve are ob- 
tainable through sulfonation reactions. However, if only the acids 
containing up to and including four sulfo groups are included there 
are forty-eight possibilities: two mono, ten di, fourteen tri, and twenty- 
two tetrasulfonic acids. 

The historical aspect of the sulfonation of naphthalene has already 
been outlined. Both the temperature and the time of heating have an 
effect on the ratio of the 1-sulfonie acid to the 2-isomer when the hy- 
drocarbon is heated with sulfuric acid. This is brought out in the 
tables taken from the work of Euwes.*®= These results amplified the 
work of previous investigators.’ In Table XV reaction mixtures 
containing 5 g. of naphthalene and an equimolecular amount of sulfuric 
acid were heated at various temperatures for 8 hours and the products 
determined. 


TABLE XV 
SuuronaTION oF NAPHTHALENE 
CioHs 1-SuLFoNIc Sutrongs, Disv.ronic 
t, °C. RecovERED, % AcIp, % % Acips, % 
80 27 O64 —nyeiese  Siahesards 
90 23.2 89:8 kee | eter ese 
100 20 8322, ceed 0 tee a cinak 
110.5 15.4 72:05 leds  “bedvaeadiyd 
124 11.2 62.4: “akannrsial —_ rehned ieeed 
129 10 44.4 MeO2 , “steed cations 
138.5 8.6 28s4°0 “Weieiedes © asia donmedinda 
150 6.4 18.3 Oio-  —. 4a Geese ale 
161 6.0 18.4 6.500 fe ba oes 
168 taxed > i) lc See 7 
173 apetea 26.5 10.5 19 


The reaction product not included in the table is the 2-sulfonic acid. 
The influence of varying the reaction time is shown in Table XVI. 
Here the temperature was 129°. It was concluded that 8 hours was 
sufficient to bring about equilibrium between the two acids but further 
experiments showed this to be true only above 140°. At 129° equilib- 
rium was approximated only after 42 hours, 23% of the 1-sulfonic acid 
then remaining. Heating the I-sulfonic acid at 129° with an equi- 
molecular amount of sulfuric acid for 7 hours converted 47% of it into 
the 2-isomer while heating naphthalene with two molecular equiva- 
lents of sulfuric acid gave 48.4% of this isomer. If the sulfonation is 
carried out at 0° only about 2% of the 2-sulfonic acid is formed °%* 
whereas at 40° it was estimated °*7 at about 4%. 
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TABLE XVI 
1-Su.Lronic 
Time, Hours Acip, % 
0.58 79.1 
1 72.9 
2 61.7 
4 50.0 
6 45.1 


The effect of the concentration of the sulfuric acid upon the produc- 
tion of the two monosulfonie acids formed is shown in Table XVII. 


TABLE XVII 
1-Sutronic Acin, % NAPHTHALENE 
Acip UsEp Time, 2 hrs. Time, 7-8 hrs. RECOVERED, % 
12% oleum 69.8 62.1 (sulfones and 
di-acids) 
100% sulfuric 1.7 44.4 10 
96% sulfuric 46.7 44.4 23 
90% sulfuric ede 44.6 32 


Here the reaction temperature was 129°. Adding phosphorus pentoxide 
to the mixture resulted in more sulfone formation.** 

In a recent discussion 1°. 55% of the equilibrium existing between the 
1- and 2-sulfonic acids it was reported that prolonged heating of the 
reaction mixture at 100° reduced the percentage of the 1-isomer from 
the 80 usually given as the “equilibrium” value to 29.3, and a mathe- 
matical analysis of the reaction data indicated that if equilibrium were 
actually attained only 22.6% would be present. The ratio of any two 
acids at equilibrium is equal to the ratio of the velocity coefficients of 
their formation divided by the ratio of the coefficients of their hydrol- 
ysis, or 

[a] _ ka/ke 
(B] kh / ke 


From this, if a mixture of two unequally hydrolyzed isomers is initially 
produced in a sulfonation, their ratio will vary with time, the yield 
of the more easily hydrolyzed product gradually being decreased until 
equilibrium is established. In general, the compound more easily 
formed by sulfonation is also the more rapidly hydrolyzed so that the 
compound predominating after a short reaction time will be reduced 
in amount after prolonged heating. It seems unnecessary to assume 
any direct conversion of one isomer into the other, this apparently al- 
ways occurring through hydrolysis as an intermediate stage.**®> It has 
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been pointed out °*¢ that the situation is more complex than Ioffe sug- 
gested in that the sulfonation equilibrium constants depend upon the 
state of equilibrium between sulfuric acid and its hydrates. 

A very satisfactory procedure for obtaining the 1-sulfonie acid on 
a small scale calls for the addition of 128 g. of naphthalene to 260 g. 
of 100% sulfuric acid °° at 0°; after standing for an hour the reaction 
mixture is poured into water. The dihydrate crystallizes from the 
water solution when the density is about 1.29-1.30 and the temperature 
is kept at 0°. The acid is readily recrystallized from 20% hydro- 
chloric acid, the dihydrate melting at 90°. Preparation of the pure 
naphthalene-2-sulfonic acid has also been described in detail.°°° Here 
the requirements are 250 g. of naphthalene and 400 g. of 94% sulfuric 
acid which are kept at 160° for 5 minutes and then poured into 300 ml. 
of water. Cooling gives an 80% yield of the trihydrate contaminated 
by 2 g. of the 2,2’-sulfone. The reaction mixture under these condi- 
tions contains 15% of the 1-sulfonic acid.**’ Purification of the 
2-isomer is best effected by crystallizing from hydrochloric acid as with 
the 1-compound. The trihydrate melts at 83° and the monohydrate 
at 124°. Separation of the 2-sulfonic acid from the sulfonation mix- 
ture by extraction with toluene has been patented.*** The sodium salt 
may be obtained conveniently by neutralizing a sulfonation mixture 
with enough sodium carbonate or hydroxide °*? to account for the sul- 
fonic acid and enough lime to precipitate the sulfuric acid as calcium 
sulfate. 

In the sulfonation of naphthalene on a commercial scale the use of 
an excess of sulfuric acid may be avoided by heating with the theoreti- 
cal amount of 93% acid at 155° under a pressure reduced to 600 mm.** 
which removes the water formed in the reaction, or by passing benzine 
or carbon tetrachloride vapors through the mixture ** °*¢ until all but 
3-4% of the acid is utilized. Addition to the sulfonation mixture of 
some more easily sulfonated compound has also been suggested.***? 

In addition to the sulfuric acid method, naphthalene has been mono- 
sulfonated with 15% oleum 5* which below 70° gives chiefly the 1-sul- 
fonic acid as does sodium trihydrogen disulfate ®* at 100°. At 180° 
this acid salt yields chiefly the 2-isomer. Adding slightly less than the 
calculated amount of chlorosulfonic acid 5** to a 10% solution of naph- 
thalene in carbon disulfide produces the 1-sulfonic acid and a little 
1,5-disulfonic acid but no 2-sulfonie acid. The presence of the 1,5-di- 
sulfonic acid in the commercial 1-sulfonic acid has been commented 
upon 87 more recently. Naphthalene has also been monosulfonated 
by the action of pyridine sulfotrioxide.”** °° By the action of 400 g. 
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of fluorosulfonic acid *"* upon 250 g. of naphthalene dissolved in 600 g. 
of sulfuric acid 65 g. of the 1-sulfonyl fluoride results. 

In addition to the methods of separating the two sulfonic acids al- 
ready described it has been found possible to precipitate the 2-sulfonic 
acid as its ferrous salt.°®® The 2-sulfonic acid may be freed from the 
l-isomer by hydrolysis °° of the latter at 145-155°, only a trace 57% 
of the 2-acid being affected. 

A satisfactory method for the analysis of the mixture obtained in 
the high-temperature sulfonation procedure has been described 57! in 
detail. In this procedure the insolubility of the benzidine salts of the 
2-sulfonic acid and the 2,6- and 2,7-disulfonic acids together with the 
low solubility of sodium 2-naphthalenesulfonate in a sodium chloride 
solution are utilized. 

Disulfonation of Naphthalene. Disulfonation of naphthalene at not 
above 40° by dissolving 128 g. of the hydrocarbon in 300 g. of 100% 
sulfuric acid and then adding 300 g. of 64% oleum *” gives about 70% 
of the 1,5-disulfonic acid and 25% of the 1,6-isomer. At temperatures 
above 40° the 1,5-acid decreases until at 130° it has almost disap- 
peared, the products then being chiefly the 1,6- and 2,7-compounds.°”* 
Recently *7* small amounts of the 1,7- and the 1,3-isomers have also 
been isolated in the form of their acid chlorides. The 1,7-compound 
arises from the further sulfonation of the 2-sulfonic acid; at a low 
temperature 20% of this is converted into the 1,7-disulfonic acid and 
the other 80% into the 1,6-compound.'”® Above 140° the 2,6-disulfonic 
acid appears °724-57¢ but is never produced in more than 30% yield, al- 
though heating the 2,7-disulfonic acid at 160° with 95% sulfuric’ acid 
transforms 42% of it into this isomer.5"’ The best yield of the 2,6-acid 
obtained directly from naphthalene 572 results from the use of a large 
excess of 100% sulfuric acid at 180°. Under these conditions there 
were isolated 27% of the 2,6-compound, 65% of the 2,7-, and 10% of 
the 1,6-disulfonic acid.*”® The relation of the 2,6-acid to the other 
two is curious in that at 100° as much as 30% of the 1,5-compound 
is transformed into this by heating with sulfuric acid while at 130° 
neither the 1,5- nor the 2,6-acid is present; this 2,6-compound, how- 
ever, reappears in the reaction mixture to the extent of 20% at 160°. 
Conversion of the 2,7- to the 2,6-isomer has already been mentioned; 
the reaction is reversible, 13% of the latter going over to the former 
by 8 hours’ heating with sulfuric acid at 160°. Quantitative estimation 
of the varying amounts of the acids in a mixture is accomplished by 
making use of the different solubilities of the calcium,’”* barium, and 
lead °° salts. 
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From the commercial standpoint the disulfonation reaction should 
lead to as high a yield as possible of the 2,7-disulfonic acid. A con- 
tinuous vapor-phase process for obtaining 78-85% yields of this com- 
pound at a temperature of 220-245° by the action of 80-95% sulfuric 
acid has been described in detail.°*°* The action of 4% oleum upon 
2-naphthalenesulfonyl chloride at 15-20° brings about sulfonation 
without hydrolysis of the chloride group.*° Pure compounds were 
not isolated. 

Treatment of naphthalene with two molecular equivalents of chloro- 
sulfonic acid 5**-58 at 15-45° gives besides the 1,5-disulfonic acid ap- 
preciable quantities of the disulfonyl chloride. If carbon tetrachloride 
is used as a solvent some of the sulfonyl chloride results even when 
the naphthalene is present in excess. Low temperatures favor sulfonyl 
chloride formation since at 150-155° trisulfonation °** to the 1,3,6- 
compound occurs. If the potassium naphthalene-2-sulfonate is treated 
with three molecular equivalents of chlorosulfonic acid 5*1® at 100° the 
1,6-disulfonic acid results. By dissolving 200 g. of naphthalene in 
2 kg. of chlorosulfonic acid *7* at 0° there is obtained 300 g. of the 
1,5-disulfonyl chloride, m.p. 183°. This is undoubtedly the simplest 
method of preparing this compound. 

From 25 g. of naphthalene and 100 g. of fluorosulfonic acid ?7* at 75° 
a disulfonyl fluoride, m.p. 125°, is formed. This is not the 1,5-com- 
pound which melts at 203°. The disulfonyl chloride obtained from 
the fluoride melted at 118°. Further sulfonation of the 1-sulfonyl 
fluoride with fluorosulfonic acid yields a mixture from which some of 
the t,5-disulfonyl fluoride was isolated. With chlorosulfonic acid the 
1-sulfonyl! fluoride, 5-sulfonyl chloride was obtained. If, however, the 
2-sulfonyl fluoride is the starting product the 2,6-compound results. 

Tri- and Tetrasulfonation of Naphthalene. Three trisulfonation 
products of naphthalene are known. By dissolving sodium 1,5-naph- 
thalenedisulfonate in 100% sulfuric acid and then adding 67% 
oleum *** with final warming to 90° the 1,3,5-trisulfonic acid is formed. 
The 1,3,6-acid is the principal product obtained by sulfonating naph- 
thalene with excess 24% oleum at 180° or with 40% oleum °** at 100°. 
The other trisulfonic acid, the 1,3,7-isomer, results from the reaction 
of the 2,6-disulfonic acid with oleum *** at 100°. The 1,3,5- and 1,3,7- 
trisulfonic acids sulfonate further with oleum *** to the 1,3,5,7-tetra- 
sulfonic acid. Contrary to earlier reports **7 a second tetrasulfonic 
acid is not formed when phosphorus pentoxide is added and the re- 
action mixture heated to 260°; the error was made because the barium 
1,3,5,7-tetrasulfonate exists in two crystalline forms. 
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Sulfonation of the Alkylnaphthalenes. In marked contrast to the 
intensive study which the sulfonation reactions of naphthalene have 
received, investigation of the behavior of the alkylnaphthalenes has 
barely begun. The formation of sulfonic acids from 1-methyl-,°% 
2-methy]-,5*° 1-ethyl-,5 2-ethyl-,5° and an isopropylnaphthalene 52 
had been reported without information as to the structures of the 
products being obtained. Comparatively recently it was shown that 
1-methylnaphthalene with sulfuric acid at room temperature for 5-6 
hours **? gives a good yield of the 4-sulfonic acid; at 110° a mixture °8¢ 
of the 3- and 7-isomers is formed in which the 3-compound predomi- 
nates, while at 165-170° after 5-6 hours °* the 7-sulfonic acid becomes 
of primary importance. With chlorosulfonic acid in the cold *? a mix- 
ture of the 4- and 5-sulfonic acids is formed, 319 g. of the hydrocarbon 
giving rise to 370 g. of potassium 1-methylnaphthalene-4-sulfonate 
and 75 g. of a mixture of isomeric salts.5°5 

Heating 2-methylnaphthalene with sulfuric acid °°* at 90-100° gives 
an 80% yield of the 6-sulfonic acid. No other isomers were isolated. 
With chlorosulfonic acid in nitrobenzene °°* at 30-40° the 8-sulfonic 
acid results. 2-Ethylnaphthalene when heated with 66% sulfuric 
acid °° gives the 6-sulfonic acid in 86% yield. The barium salt is 
only slightly soluble in water. 

By sulfonation of a coal-tar fraction of hydrocarbons, boiling at 
260-365°, with 0.6 part of sulfuric acid °°? at 40-45° for 10 hours and 
conversion of the resulting sulfonic acid to the sodium salt there was 
obtained some sodium 1,6-dimethylnaphthalene-4-sulfonate. When the 
same hydrocarbon mixture was sulfonated with an equal weight of 
98% sulfuric acid at 135-140° for 3 hours, 2,6-dimethylnaphthalene-7- 
sulfonic acid was isolated. At 35-40°, however, 2,6-dimethylnaphtha- 
lene yields almost entirely the 8-sulfonic acid which rearranges to the 
7-isomer when heated with 78% sulfuric acid at 135°. Low-tempera- 
ture sulfonation probably also yields some 2,6-dimethylnaphthalene-1- 
sulfonic acid but this was not identified with certainty. A mixture of 
two or more sulfonic acids of 2,7-dimethylnaphthalene was also iso- 
lated. One of these acids, the 3-isomer, was obtained in a pure con- 
dition. In one experiment a small yield of a sulfonic acid of 2,3-di- 
methylnaphthalene **** was separated from some crude 2,6-dimethyl- 
naphthalene-7-sulfonie acid. The 2,6-dimethylnaphthalenesulfonic 
acids have been described further in a more recent patent.5°%? 

A sulfonic acid of unknown structure has been obtained from 1,4- 
dimethylnaphthalene.**® Ethylisopropylnaphthalenesulfonic acids are 
claimed to be present in the product obtained by the action of chloro- 
sulfonic acid upon naphthalene mixed with ethyl and isopropyl] alco- 
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hols,®°* and other alkylated naphthalenesulfonic acids are produced in 
the reaction mixture resulting from the action of either chlorosulfonic 
acid or oleum upon naphthalene mixed with methyl! or ethy] alcohols 
or a mixture of the two with higher-molecular-weight alcohols.°* In 
a procedure employed for butylating and sulfonating aromatic com- 
pounds naphthalene was mentioned in one example.®” In other proc- 
esses the condensation of an unsaturated hydrocarbon or alcohol with 
naphthalene occurs after the sulfonation.°°?° 

The sulfonation of 1-benzylnaphthalene may also be mentioned here. 
With either warm sulfuric acid or chlorosulfonic acid in nitrobenzene 
at room temperature the sole product is the 4-sulfonic acid.°°? The 
sodium salt precipitates readily when sodium chloride is added to an 
aqueous solution of the acid. A different sulfonic acid results if the 
sulfonation is carried out at 140°.°°* A benzyl-2-pentoxynaphthalene 
has also been sulfonated.°9?? 

Sulfonation of Acenaphthene. The sulfonation reactions of ace- 
naphthene are included at this point as this compound may be looked 
upon as being closely related to the dialkylnaphthalenes in its substi- 
tution reactions. 

The structures of the acenaphthenesulfonic acids have been uncer- 
tain until quite recently. It has now been shown that the sulfonic acid 
resulting from the action of sulfuric acid at 100° which was at first °4 
believed to have the sulfo group attached to a saturated carbon atom 
and then ®® was considered to be the 5-compound is actually °° the 
3-sulfonic acid. 


1 2 
H2C-——CHe2 eS ci 


03H 
+ HeSO. — + HO 


4 


Sulfonation at 125~130° for 10 hours using one mole of chlorogulfonic 
acid ®? to two of acenaphthene forms the 3,3’-sulfone. Sulfonation 
at or near 0° in an inert solvent with chlorosulfonic acid °° ®8 intro- 
duces the sulfo group in the 5-position. Thus acenaphthene behaves 
like naphthalene in that at low temperatures sulfonation occurs in the 
alpha position. It has been reported °°? that four disulfonic acids are 
obtained from the further sulfonation of acenaphthene. These would 
presumably have the following structures. 
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H2C—-CHe i ie HeC—CHe 
HO38 O3H O3H OsH 
HO38' 
S03H 
i tae Pee 
or 
HO:8 SO3H O3H 
S03H 


Whether or not it is possible to introduce two sulfo groups peri to 
each other has not been determined, although nitration does occur in 
this manner.*® The results of further investigations in this series 
should be interesting. 


SULFONATION OF THE HaLo- AND NrTRONAPHTHALENES 


Probably the most interesting point in connection with the sulfona- 
tion of the halonaphthalenes concerns the directive influence exhibited 
by chlorine, bromine, and iodine in the 2-position of the naphthalene 
ring. The first two direct the entering sulfo group to the 6- and 8-posi- 
tions while the last gives a mixture containing the 5- and 8-sulfonic 
acids. It was suggested by Armstrong and Wynne ™ that for all three 
halides the 5- and 8-compounds were formed at first, the 5- rearranging 
to the 6-isomer immediately where the halogen is chlorine or bromine. 
This occurs for the iodosulfonic acid at 150°. All three 8-sulfonic 
acids also rearrange to the 6-compounds under the influence of heat. 

As for the other halonaphthalenes, low temperatures in all cases 
favor alpha substitution as for naphthalene itself. Armstrong and 
Wynne apparently prepared sulfonic acids and their derivatives from 
all the trichloronaphthalenes but for only five of these have data been 
recorded (see Table XVIII) in the literature. 

Sulfonation of the Chloronaphthalenes. The low-temperature sul- 
fonation of 1-chloronaphthalene with sulfuric acid *° or chlorosulfonic 
acid 2 in carbon bisulfide yields chiefly the 4-sulfonic acid. Treating 
1-chloronaphthalene with 100% sulfuric acid at 6° gives an 84% 
yield ? of this product, a little of the chloronaphthalene remaining 
unchanged. As the temperature rises the yield of the 4-sulfonic acid 


278 THE PREPARATION OF AROMATIC SULFONIC ACIDS 


drops rapidly; ** at 56° it is 70%, at 78°, 57%, and at 98°, 31%. 
Excess chlorosulfonic acid at 30° gives a mixture of sulfonyl chlorides 
in which the 4-compound was identified. 

There is some confusion regarding the formation of the 5-sulfonic 
acid. With sulfuric acid ** as the reagent none of this compound was 
isolated up to 160°; at this temperature the 6- and 7-sulfonic acids °* 
are produced. On the other hand earlier workers found that by the 
action of oleum °°. ¢2> at 160° about equal quantities of the 4- and 
5-isomers resulted. The 4-compound is converted into its isomer by 
heating * to 150°. Further sulfonation of the 4-sulfonic acid with 
20% oleum at 100° gives first the 4,7-disulfonic acid **° and then at 
170° the 2,4,7-trisulfonic acid.**¢ The 6-sulfonic acid may be further 
substituted to the 4,6-disulfonic acid *** and the 3-sulfonic acid to the 
3,5-derivative.** These results are summarized in Chart II. 


5 tal ting 
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Long heating of 2-chloronaphthalene with a mixture of sulfuric acid 
and oleum * at 130-140° yields a mixture of the 6- and 8-sulfonic 
acids, the latter predominating. When chlorosulfonic acid is em- 
ployed °° as the reagent in cold carbon bisulfide only 4% of the prod- 
uct is the 6-isomer but this is obtained in 53% yields by heating the 
8-sulfonie acid to 150° for 5 hours.¢?° 621 

Excess oleum *° at 160-180° converts 2-chloronaphthalene into the 
6,8-disulfonic acid. This is also obtained from either the 6- or 8-acid 
by the action of pyrosulfuric acid.*? The 6-sulfonic acid with 20% 
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oleum gives as a by-product the 4,6-disulfonic acid. Sulfonation of 
the 7-sulfonic acid with pyrosulfuric acid *?* at 100° gives rise to the 
4,7-disulfonic acid. 


oor ¢ cl Ww 
YW 


LY eG 


Cuart III 


The sulfonation reactions of the di- and trichloronaphthalenes are 
summarized in Table XVIII. Here as previously A refers to concen- 
trated sulfuric acid, B to oleum, and C to chlorosulfonic acid. The 
knowledge available concerning substitution reactions in the naph- 
thalene nucleus makes the prediction of the structure of the trichloro- 
naphthalenesulfonic acids impossible. 

Sulfonation of Bromo- and Iodonaphthalenes. Only a compara- 
tively few derivatives of naphthalene containing bromine and iodine 
have been sulfonated and for most of these the structures of the re- 
sulting sulfonic acids are uncertain, However, in the case of the di- 
bromonaphthalenes analogy with the chlorine derivatives makes the 
prediction of the structures fairly trustworthy. (See Table XIX, p. 
281.) 

It has been claimed that when 1-chloro-4-bromonaphthalene or the 
corresponding dichloro compound is treated with chlorosulfonic acid 
in carbon bisulfide ** the chief product is the sulfone, no sulfonyl 
chloride and only a little sulfonic acid resulting. Since this is hardly 
in agreement with the work listed in Table XVIII these results seem 
to require further investigation. 

Sulfonation of Haloacenaphthenes. Sulfonation of 5-chloroacenaph- 
thene with 0.5 part of sulfuric acid ** at 70° produces a sulfonic acid 
of unknown structure which might be expected to be the 8-compound. 
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The corresponding bromine derivative with chlorosulfonic acid at room 
temperature yields two monosulfonic acids °7-°* and with sulfuric acid 
at 80-90° a disulfonic acid. One of the monosulfonic acids is the 3- 


Compound Sulfonated 


Naphthalene substituents 


1,2-Dichloro- 
1,3-Dichloro- 
1,4-Dichloro- 


1,5-Dichloro- 
1,6-Dichloro- 


1,7-Dichloro- 
1,8-Dichloro- 
2,3-Dichloro- 
2,6-Dichloro- 
2,7-Dichloro- 
1,2,3-Trichloro- 
1,2,4-Trichloro- 
1,2,7-Trichloro- 
1,2,8-Trichloro- 
1,3,6-Trichloro 
?-Tetrachloro- 


TABLE XVIII 


SuLFoNnaTION oF Di- aND TRICHLORONAPHTHALENES 


Reagent and 


Reaction Data 


Position of 


Reference Sulfo Group 
reas | 10% sol. of pane 
a CioHeCe in CS Lagann 
C | 10H Cle 2 6- and (2) 
AS 100% | aris dateseo 6- (?) 

Bs 160° 6- 

ron) In CS, 3- and (?) 
A,® 100% 20-25° 3- 

ct In C8, 4- 

Aandi BY ) cstalaaiedns Whe 4- 

cis 4- 

Cc} 4- 

ct rie ae 5- and 6- 
C perature a 

C1 3- and (?) 
B, 10% 100° ? 

Aor C? 100° ? 

eee & kA eee Uh ue ? 

badiun Yes 8 A ee ? 

ee 6 ie Pin buna Marscelaigs ? 

BY 6 la siaene ee tee ature ? 


1 Armstrong and Wynne, Chem. News, 61, 273 (1890). 
2 Armstrong and Wynne, ibid., 60, 58 (1889). 
3 Arnell, dissertation, Upsala, 1889. 


4Cleve, Ber., 24, 3477 (1891). 


§ Armstrong and Wynne, Chem. Newe, 69, 189 (1889). 
6 Armstrong and Wynne, ibid., 71, 264 (1895). 


7 Laurent, Ann., 72, 300 (1849). 


8 Badische Anilin- und Sodafabrik, German pat., 229,912, Chem. Zentr., I, 358 (1911). 


and the other the 8-isomer since both give the 3-sulfonic acid upon 


reduction. 


Sulfonation of the Nitronaphthalenes. As in the benzene series most 
of the sulfonic acids containing nitro groups have been prepared by 


nitration rather than sulfonation reactions. 


1-Nitronaphthalene with 


sulfuric acid, oleum, or chlorosulfonic acid is converted into a mixture 


SULFONATION OF THE NITRONAPHTHALENES 281 


TABLE XIX 
Compound Sulfonated pensation Reaction Data Bie Caa. 
Naphthalene substituents 

1-Bromo- Behe opty ee eabeeded 4- and 5- (?) 

Cc? In CS: 4- and 5- (?) 
2-Bromo- Ch 4 In CS: 6- and 8- (?) 
1,3-Dibromo- A, 2 parts 100° 5- and 7- 
1,4-Dibromo- A,5 % ¥ 100% 100° 6- 
1,5-Dibromo A’ 100° 7- (2) 
1,6-Dibromo- As 100° 4- (2) 
1,7-Dibromo- A’ 100° 4- (2) 
1-Iodo- ce In CS: 4-(?) 
2-Iodo- Cut In CS, 8- and 5- 

Cc Cold, then 6- 

heat to 150° 


1 Laurent, Ann., 72, 298 (1849); Otto and Moeries, Ann., 147, 183 (1868); Darmstaedter and Wichel- 
haus, Ann., 162, 303 (1869); Jolin, Bull. soc. chim., [2] 28, 516 (1877). 

2 Armstrong and Williamson, Chem. News, 64, 256 (1886). 

3 Sindall, ibid., 60, 57 (1889). 

4 Armstrong and Wynne, tbid., 60, 58 (1889); 68, 91 (1887). 

5 Armstrong and Roasiter, tbid., 68, 58 (1892). 

6 Armstrong, tbid., 68, 241 (1887). 

7 Houlding, tbid., 89, 226 (1889); Ber., 4R, 705 (1891). 

8 iphraim, Ber., 61, 668 (1918). 

® Salkind and Belikoff, Ber., 64B, 955 (1931). 


of three isomeric sulfonic acids,°* in which the 5-compound greatly 
predominates. 


NO2 NO2 NOQ2 NOQ2 
HO;8 
= + + 
F8On HOs 


SO03H 


2-Nitronaphthalene with oleum °7 at a low temperature yields a 
mixture of the 5- and 8-sulfonie acids. 

The reaction of 1,8-dinitronaphthalene with oleum ®* at 100-110° 
produces the 3-sulfonic acid. Under similar conditions the 1,5-dinitro 
compound also sulfonates in the 3-position. 

When a mixture of 5- and 8-chloro-1-nitronaphthalene is treated 
with 100% sulfuric acid * at 80° for 12 hours only the 8-chloro com- 
pound reacts, sulfonation occurring para to the chlorine. 
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Sulfonation of 5-nitroacenaphthene with chlorogulfonic acid *° in- 
troduces the sulfo group in the 7-position. 


hl H2C—-CHz 


CISOsH 
———_> 


+ HCl 
HO38 


NO: NO: 
This gives a method of approach to the preparation of derivatives of 


the 4-sulfonic acid which cannot be obtained by direct sulfonation of 
acenaphthene. 


SULFONATION OF NAPHTHALENE CARBOXYLIC ACIDS AND KETONES 


Only a few compounds of the naphthoic acid type have been sul- 
fonated. 1-Naphthoic acid reacts with oleum** or 98% sulfuric 
acid ®? at 60-70° to give a mixture of three isomeric sulfonic acids. 


COOH COOH COOH COOH 
HO;S8 
- + + 
HOs 
SOsH 


1-Naphthonitrile is sulfonated, probably in the 5-position, by the ac- 
tion of chlorosulfonic acid,*** while with oleum ** amide formation 
occurs. 

2-Naphthoic acid is converted by the action of 98% sulfuric acid *°* 
at 100° into a mixture of the 5-, 7-, and 8-sulfonic acids, the first pre- 
dominating. At 160° the 7-isomer is formed in largest amount. None 
of the 6-sulfonic acid was found. The carboxy] and nitro groups thus 
seem to differ in directive influence considerably from the sulfo group. 
The sulfonation has also been effected by oleum.**! It may be noted 
here that naphthalene-1l-arsonic acid has been sulfonated *°® but the 
structure of the resulting acid is not known. 

Of the dicarboxylic acids only two have been sulfonated. 1,5-naph- 
thalie acid with pyrosulfuric acid %* at 190-200° is transformed into 
what is probably the 3-sulfonic acid. 1,8-Naphthalic anhydride with 
a large excess of 25% oleum *°*872 at 90° gives the 3-sulfonic acid. 
At 200-230° a disulfonic acid is obtained. 
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«-Naphthy! pheny! ketone sulfonates readily when treated with 95% 
sulfuric acid even at 20°. At 160-170° hydrolysis occurs to benzoic 
acid, and naphthalenedisulfonic acids result.**7® 


SULFONATION OF THE NAPHTHOLS AND THEIR DERIVATIVES 


A survey of the sulfonation reactions of naphthalene compounds 
containing hydroxyl groups shows that practically all the attention 
has been centered upon 1- and 2-naphthol, undoubtedly because of 
the considerable value of the resulting compounds as dye intermedi- 
ates. A vast amount of work remains to be done upon the sulfonation 
reactions of the alkyl and other simple naphthol derivatives before 
directive influences ®**? can be adequately discussed for this type of 
compound. 

Sulfonation of 1-Naphthol. Sulfonation of 1-naphthol with an equal 
weight of sulfuric acid %* at 60-70° produces the 2- and 4-sulfonic 
acids; the former was isolated in 50% yield. Using twice as much 
of the same reagent °%-5° at 50° gives rise to the 2-sulfonic acid 
(Schaeffer’s acid) and the 2,4-disulfonic acid, the latter predominating. 
Weak oleum or 100% sulfuric acid *"*° may also be utilized for 
monosulfonation if the temperature is kept low. The presence of mer- 
curic sulfate ** does not appreciably alter the ratio in which the 
2- and 4-isomers are produced. Acetic acid is an excellent solvent 
for monosulfonation; sulfuric acid,®*** 80% oleum, and chlorosulfonic 
acid *#? have all been used in this procedure. The presence of such a 
solvent prevents the monosulfonic acids from being further acted upon 
before the naphthol is all dissolved, which occurs when the reactants 
are simply mixed together. Heating sodium 1-naphthol-4-sulfonate 
or 2,4-disulfonate at 160-170° with naphthalene gives the naphthol-2- 
sulfonate.**° Separation of the 2- and 4-sulfonic acids is possible 
through the differing solubilities of their potassium salts,**** that of 
the former being the less soluble in water. 

With chlorosulfonic acid ** at ordinary temperatures 1-naphthol is 
converted into the 2-sulfonie acid; it is claimed ** that at a low tem- 
perature in the presence of an inert solvent the 4-isomer results. This 
is also formed in the absence of a solvent *° at 100°. With five parts 
of chlorosulfonic acid at room temperature for 2.5 hours the 2,4-disul- 
fonyl chloride is produced while after several days the 2,4,7-trisulfony]l 
chloride is the reaction product.** This structure was determined by 
showing that the three corresponding monosulfonic acids all gave 
the same trisulfonyl chloride when treated with chlorosulfonic acid. 
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1-Naphthol with chlorosulfonic acid at 160° is converted into a res- 
inous product from which was separated a small yield of a trichloro- 
naphthalenesulfony! chloride.*¢* 

After heating 1-naphthol with sulfuric acid at 130° the mixture con- 
tains the 2,7- and 4,7-disulfonic acids together with some 2,4,7-trisul- 
fonic acid.®*?. &9¢,4,646 This trisulfonic acid gives a characteristic in- 
soluble barium salt which makes its determination a simple matter. 
When 2.5 parts of sulfuric acid is heated with the 1-naphthol for 4 
hours at 125° approximately one-seventh of the naphthol is trans- 
formed into the trisulfonation product.**® 

By dissolving 1-naphthol in oleum below 100° the 2,4-disulfonic acid 
is obtained as the chief product.** 6°47 Jf after dissolving in 25% 
oleum at 50°, 70% oleum ** is added at room temperature the 2,4,7- 
trisulfonic acid again becomes the reaction product. 

A number of naphtholsulfonic acids not necessarily obtained by di- 
rect sulfonation have been converted into di and trisulfonic acids. 
1-Naphthol-5-sulfonie acid with sulfuric acid *°* below 100° is sul- 
fonated in the 2-position. The 8-sulfonic acid or its sultone by treat- 
ment with sulfuric acid at 100° or with cold oleum is converted into 
1,8-naphthosultone-4-sulfonic acid.*#°® Chlorosulfonic acid yields sul- 
fonyl chlorides with this and with other naphthosultone sulfonic 
acids.**°* The action of chlorosulfonic acid *° upon the 3-, 5-, 6-, and 
8-sulfonic acids yields trisulfony] chlorides. Since 1-naphthol-4,6- and 
6,8-disulfonic acids give the same trisulfonyl chloride this compound 
is established as the 4,6,8-compound. This trisulfony] chloride also 
results from the 8-sulfonic acid. The trisulfonyl chloride from 1-naph- 
thol-6-sulfonic acid is probably the 2,6,8-compound while the one from 
the 5-sulfonic acid is either the 2,5,7- or 3,5,7-trisulfony! chloride, more 
probably the former. 1-Naphthol-3,8- and 4,8-disulfonie acids are 
converted into naphthosultone-3- and 4-sulfony] chlorides respectively 
by treatment with chlorosulfonic acid at room temperature. 


028——-O 
H308 OH 


+ 2CISO;3H — + 2H2SO,. + 2HCI 
OsH O2Cl 


With oleum the corresponding sultone-sulfonic acid results.°°® At 
150° the 4,8-compound is transformed by chlorosulfonic acid into the 
4,6,8-trisulfonyl chloride. These results are summarized in Chart IV. 
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S, 


Cuart IV 


Sulfonation of 2-Naphthol. The sulfonic acids derived from 2-naph- 
thol have been investigated even more fully than those of the 1-isomer. 
Perhaps the most interesting of these is the 1-sulfonic acid which is 
characterized by the ease with which the sulfo group is removed or 
rearranged to other positions of the naphthol nucleus. 

With 2-2.5 parts of sulfuric acid at 40° for 10 minutes ®* or at 10° 
for an hour *4 2-naphthol is converted into the 1-sulfonic acid as the 
major product while for longer reaction times a mixture containing the 
6-, 7-, and 8-sulfonie acids, together with the 6,8-disulfonic acid re- 
sults.*91¢..¢,652 Keeping the temperature at 20° or below has been 
reported to favor the 8-sulfonic acid contradicting the observation 
noted above, while at 100° the 6-isomer is the major product.**° 6516 
It is reported that by heating 2-naphthol with 0.7 part of sulfuric 
acid 5 at 100-105° the 6- and 7-sulfonic acids result, but no other 
mention of the formation of the 7-sulfonic acid is found in the litera- 
ture until recently.°"¢ 

By the addition of a small amount of boric acid ** to 2-naphthol 
it has been reported that the 1-sulfonic acid may be made to persist 
in the sulfonation mixture for some time rather than being a transitory 
product but this claim has been denied.***4 A comparison of the re- 
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sults of Table XX with those of Table XXI, however, upholds this 
suggestion. In Table XX are given the yields of the various sulfonic 


TABLE XX 


SULFONATION OF 2-NAPHTHOL 


We. of Acid Product Yields, Percentage of Sulfonated Naphthol 

| 4, °C. 

Wt. of Naphthol 1- 6- & 1,6-di- 
2 20-30 62 12 17 9 
10 2 a 3 23 74 
2 25 23 54 23 
2 32 33 54 12 
1.5 56 47 46 i 
1.3 75 60 28 1 
1.1 85 74 At 


acids obtained for a number of reaction conditions. With the excep- 
tion of the first experiment the reagent was 94.2% sulfuric acid and 


TABLE XXI 
SULFONATION IN PRESENCE OF Boric Acip 
Product Yields, 

Wt. of Sulfuric Acid Percentage of Sulfonated Naphthol 

———_———__——— | 4, SC. Time 
Wt. of Naphthol 
1- 6- 8- 1,6-di- 

2 20-28 4 min. 90 9 Trace ; 

2 30 24 brs. 74 3 10 13 

10 0 30 hrs. Trace 2 17 81 

5 25 30 brs. Trace 3 21 76 

2 85 Tbr. |... 20 27 53 


the reaction time 24 hours. In the first experiment 100% sulfuric acid 
was used with a reaction time of 4 minutes. 

It is remarkable that the disulfonation decreases with rise in tem- 
perature even when the amount of sulfonating agent remains constant. 
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The influence of boric acid upon the sulfonation is shown in Table 
XXII. Here 1.5 g. of metaboric acid was added per 0.1 mole of the 
naphthol. Here also 100% sulfuric acid was employed in the first ex- 
periment. In the others the concentration was 94.2%. 

Chlorosulfonic acid reacts similarly to sulfuric acid as a monosul- 
fonating agent since at ordinary temperatures 4° the 1-sulfonic 
acid results while at 130° in acetylene tetrachloride °** the 6-isomer 
is produced. With sulfur trioxide,*** in the same solvent in the pres- 
ence of boric acid the 1-sulfonic acid is the reaction product. The use 
of nitrobenzene as the solvent and a temperature below 16° has also 
been patented.**7 In a comparison ** of several commercial methods 
for preparing the 1-sulfonic acid, the procedure utilizing sulfuric acid 
as the reagent and calling for a removal of the product from the re- 
action zone by crystallization °° was found to be the most satisfactory, 
an 80% yield of the acid being obtained. 

In addition to the 1,6-disulfonic acid obtained in the sulfonations 
already described, two other disulfonation products have been isolated. 
By heating 2-naphthol with oleum °° at 100-110° for 12 hours a mix- 
ture of the 3,6- and 6,8-disulfonic acids (R and G acids respectively) 
is obtained. This result has also been attained by the action of four 
parts of sulfuric acid °* at 125-150° for 5 or 6 hours. With three 
parts of sulfuric acid at 135° for 24 hours 33% of the 6,8- and 43% 
of the 3,6-isomers result, while in the presence of boric acid *** 28% of 
the 1,6-, 31% of the 6,8-, and 39% of the 3,6-isomers are formed. A 
lower temperature and longer reaction time ** favor formation of the 
6,8-compound. Thus with five parts of 20% oleum at 20-25° for 8 
hours °° 50 g. of the barium 6-sulfonate, 61 g. of the sodium 6,8-di- 
sulfonate, and 22 g. of the sodium 3,6-disulfonate are produced. Some- 
what better yields of G acid are obtained by separating it as the potas- 
sium salt and the R acid as the sodium salt. Separation of the 3,6- 
disulfonic acid from the 6-sulfonic acid may be accomplished by pre- 
cipitating the former as its sodium salt in the presence of sodium chlo- 
ride. An 84-85% yield of the 3,6-compound contaminated with only 
about 9% of the 6-sulfonic acid results from the action of 10% 
oleum °° at 120-125° for 18 hours or at 130-135° for 12 hours. Higher 
temperatures lead to excessive amounts of trisulfonation. A smaller 
percentage of sulfur trioxide increases the yield of the 6-sulfonic acid. 

Sulfonation of 2-naphthol-6-sulfonic acid with potassium pyrosul- 
fate and sulfuric acid °* gives the 3,6-disulfonic acid while further 
sulfonation of the 8-sulfonic acid produces the 6,8-isomer.°*” 2-Naph- 
thol-3,6,8-trisulfonic acid results from the action of 20% oleum °* 
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at 140-160°. With 40% oleum *® at 120-130° for 8 hours, sodium 
2-naphthol-1-sulfonate yields the 1,3,6,7-tetrasulfonic acid. This is 
one of the rare instances of two sulfo groups entering an aromatic ring 
ortho to each other. If the sulfonation is allowed to proceed for two 
days the corresponding sulfonylide is formed. The indicated structure 
is the most probable one. 


SO3sH 
HO3 SOo 03H 


HO3 Oz O3H 
S03H 


The further sulfonation of 2-naphthol-7-sulfonic acid has been in- 
vestigated.*7° The equations indicate the products obtained under 
various reaction conditions. 


S0O3H 
HOS H C1S0;H HOs OH 5 80, HO3S OH 
120° 
03H 
10° | 4804480, ! 

S03H SO3H 

HO3 OH HOSS, OH 
HO38 OsH SO3H 


With excess chlorosulfonic acid at ordinary temperatures 2-naphthol 
gives rise to a mixture of two disulfonyl chlorides °° one of which is 
the 1,6- ! and the other the 1,5-isomer.**?_ The structure of the former 
is evident from its production from both the 1- and 6-sulfonic acids 
when these are treated with chlorosulfonic acid, while the 1,5-com- 
pound results from the 2-naphthol-5-sulfonic acid. 2-Naphthol-8-sul- 
fonic acid is further sulfonated to the 6,8-disulfonyl chloride. The 3,6- 
disulfony] chloride of carbethoxy-2-naphthol was prepared from the 
corresponding disulfonic acid through the action of chlorosulfonic acid. 
2-Naphthol-7-sulfonie acid is converted to the 1,7-disulfony] chloride 
through this reagent. 

The 1,6- and 1,5-disulfonyl chlorides upon further treatment with 
ehlorosulfonic acid ** yield the 3,6,8-trisulfony] chloride, rearrange- 
ment occurring. This trisulfonyl chloride also results from the action 
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of excess chlorosulfonic acid upon 2-naphthol at 130-140°. By heating 
at 150-160° for 80 hours two unidentified compounds were formed. 
Chart V summarizes the 2-naphthol reactions. 


Sulfonation of Naphthyl Ethers and Esters. At room tempera- 
ture *78 or at 100° sulfuric acid converts 1-naphthyl ethyl ether ** 
into the 4-sulfonic acid. Care is necessary in crystallizing this com- 
pound from water as at 75° it hydrolyzes considerably. 2-Naphthyl 
methyl ether with chlorosulfonie acid *’® in carbon bisulfide yields a 
mixture of the 6- and 8-sulfonic acids whereas the corresponding ethyl 
ether and this reagent in cold chloroform *® give first the 1-sulfonic 
acid which upon standing undergoes rearrangement to a mixture of the 
6- and 8-sulfonic acids. Sulfonation at room temperature with chloro- 
sulfonic acid in carbon bisulfide °’? or with sulfuric acid ** forms the 
6- and 8-sulfonie acids directly. Disulfonation in chloroform with 
chlorosulfonic acid °° gives rise to the 1,6-disulfonic acid. 

Sulfonation of 1-naphthyl carbonate with four parts of sulfuric 
acid °78 at 20° for 18 hours produces the 4,4’-disulfonic acid which is 
readily hydrolyzed to the 1-naphthol-4-sulfonic acid. None of the 
2-isomer was found. Further sulfonation occurs in the 6,6’-posi- 
tions.°7* 1-Acetoxynaphthalene-5-sulfonyl chloride with 4% oleum *#> 
probably gives the 4-sulfonie acid. 
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2-Naphthyl acetate sulfonates in the 1-position with chlorosulfonie 
acid. 

Sulfonation of Substituted Naphthols. Aside from the amino deriv- 
atives of the naphthols which are considered later, information con- 
cerning sulfonation reactions of substituted naphthols is limited to a 
few miscellaneous compounds, 

1-Bromo-2-naphthol reacts with chlorosulfonic acid °° to give the 
6-sulfonie acid. This is also obtained from bromination of the 6-sul- 
fonie acid which establishes its structure. 1-Chloro-2-naphthol be- 
haves similarly. Sulfonation of 1,3-dichloro-, 1,4-dichloro-, 1,3,5- 
trichloro-, and 1,4,5-trichloro-2-naphthol yields a 6-sulfonie acid in 
each instance. This makes clear the difficulty encountered in the sul- 
fonation of 1,6-dibromo-2-naphthol and the 1-chloro-6-bromo com- 
pounds in which the 6-position is already occupied. If the 1-posi- 
tion is unoccupied as in 6-bromo-2-naphthol the sulfo group enters 
there.°*? 

2-Nitro-1-naphthy] ethyl ether is converted by sulfuric acid °*” to 
the 6-sulfonic acid. 1-Hydroxy-2-naphthyl methyl ketone with the 
same reagent at 100° sulfonates in the 4-position.°°°¢ 1-(2-p-Tolu- 
enesulfonamidobenzoyl)-2-methoxynaphthalene reacts with sulfuric 
acid °° with loss of the toluenesulfonyl group and introduction of a 
sulfo group. 

The hydroxynaphthoic acids have been investigated somewhat more 
fully than the foregoing compounds, 1-Hydroxy-2-naphthoic acid re- 
acts with oleum to give first *® the 4-sulfonic acid and then °* the 
+,7-disulfo compound. With cold chlorosulfonic acid *** the 4-sulfony] 
chloride is the reaction product. 2-Hydroxy-1-naphthoie acid with 
oleum ** at 20° sulfonates in the 6-position and with chlorosulfonic 
acid in the cold *** the corresponding sulfonyl] chloride results. 

At a low temperature both 2-hydroxy-3-naphthoiec acid and its ani- 
lide react with chlorosulfonic acid ®*® to produce the 1-sulfonic acid. 
This shows considerably greater stability than the corresponding 
2-naphthol derivative; for example, further sulfonation in the 6-posi- 
tion may be effected without migration of the 1-sulfo group. With 
excess cold chlorosulfoniec acid ®* the 1-sulfony] chloride is the reaction 
product. 

By sulfonation of 2-hydroxy-3-naphthoie acid with 3.4 parts of sul- 
furic acid or weak oleum ®* at 60° for 12 hours a mixture of the 
6- and 8-sulfonic acids results. Further sulfonation with oleum at 
120° gives the 6,8-disulfonic acid. 

1-Hydroxy-4-naphthoic acid has been found to sulfonate in the 
2-position when treated with sulfuric acid.°*"* 2-Hydroxy-6-naphthoic 
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acid with sulfuric acid yields a mixture of the 3- and 8-sulfonic 
acids.®°7¢ 

The action of oleum upon 3-hydroxy-1,8-naphthalic acid at 115-120° 
produces a monosulfonic acid.®®?® 

Sulfonation of Dihydroxynaphthalenes. Only a few of the dihy- 
droxynaphthalenesulfonic acids have been prepared by sulfonation re- 
actions. Of these the 2,7-dihydroxy compound is of considerable inter- 
est as the disulfonic acid obtained by the action of sulfuric acid at 100° 
probably has the 3,6-structure,"** positions which would not be ex- 
pected to substitute upon the basis of a fixed ®* structure of the naph- 
thalene nucleus. 

2,6-Dihydroxynaphthalene with 100% sulfuric acid °° yields the 
4-mono and a disulfonic acid while the 1,8-compound gives two disul- 
fonic acids.*1 None of these three acids is of known structure. 1,5- 
Dihydroxynaphthalene when treated with sulfuric acid at 50-60° is 
sulfonated in the 2-position.°* Sulfonation of 1,2-naphthoquinone °* 
gives rise to 1,2-dihydroxynaphthalene-4-sulfonic acid. On the other 
hand 2-hydroxy-1,4-naphthoquinone is converted into the 3-sulfonic 
acid without reduction occurring.©™ 

The 3,5- and 3,7-dihydroxy-2-naphthoic acids have been converted 
into monosulfonic acids.®* 


SULFONATION OF THE NAPHTHYLAMINES AND THEIR DERIVATIVES 


In the sulfonation of the naphthylamines, as for other naphthalene 
derivatives, the reaction temperature has a marked influence upon the 
position taken by the sulfo group. At 100° or below substitution oc- 
curs primarily in an alpha position while above 160° the beta sulfonic 
acids predominate. Compared with the exhaustive study which has 
been made of the sulfonation reactions of the 1- and 2-naphthylamines, 
derivatives of these have received little attention. Most of the tech- 
nically important aminonaphtholsulfonic acids have been made by re- 
actions other than direct sulfonation. 

Sulfonation of 1-Naphthylamine. Four of the seven possible 
1-naphthylaminesulfonic acids, all of which are known, are obtainable 
by the direct sulfonation of the amine.**® All seven monosulfonic 
acids have been converted into di or trisulfonic acids by sulfonation 
reactions. These results are summarized in Chart VI. 

1-Naphthylamine-2-sulfonic acid is obtained as the ammonium salt 
by heating the amine with sulfamic acid °* at 180-185°. The sodium 
salt of 1-naphthylaminosulfonic acid (CioH;NHSO3H) rearranges %” 
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when heated in a stream of carbon dioxide at 185-190° to the 2-acid. 
Sodium naphthionate likewise rearranges in carbon dioxide ®*® at 200- 
250° or better in boiling naphthalene ** to give an 80% yield of the 
2-isomer. Heating 1-naphthylamine with various aromatic amino- 
sulfonic acids 7° such as sulfanilic acid also gives the 2-sulfonic acid. 
Since all these methods of preparation involve high temperatures the 
report that the 2-sulfonic acid results from the action of chlorosulfonic 
acid upon the amine in a solvent at a low temperature *** may be re- 
garded with some skepticism, particularly since the claim in the patent 
was found to be erroneous in the case of aniline.®*® 

When 1-naphthylamine is treated with one molecular equivalent of 
sulfuric acid 72 at 180-200° under the conditions of the baking process 
(see p. 245) the 4-sulfonic acid is the sole product. This is also ob- 
tained at 200° when potassium trihydrogen disulfate 7°? is the reagent. 
An 80% yield of the crude naphthionic acid results from heating 200 g. 
of the amine with 157 g. of 96% sulfuric acid and 600 g. of sodium 
sulfate under carefully controlled conditions,’”°** strong agitation being 
desirable and the temperature not going above 210°. Removal of un- 
changed amine from the reaction product was effected by the use of 
diazotized benzidine. The effect on the reaction rate and the products 
of adding ferrous, cupric, aluminum, nickel, silver, and mercuric sul- 
fates and vanadium pentoxide has been reported in detail.7°°® In gen- 
eral, the effects were slight and apparently without advantage. The 
highest yield of 2-sulfonic acid observed was 3.3%. 

When 1-naphthylamine is warmed with oleum it is changed into a 
mixture of the 4- and 5-sulfonic acids. The 5-isomer is the chief 
product when 1-naphthylamine hydrochloride is dissolved in 20-25% 
oleum 74-795 at 0°. Separation of the 4- and 5-isomers may be ac- 
complished through the differing solubilities of their sodium salts.7°e 

When 1-naphthylamine is heated to 125-130° with three to five 
parts of sulfuric acid ®8 7¢¢,¢,706 there results a mixture containing 
the 5- and 6-sulfonic acids together with the 4,7-disulfonic acid. These 
may be separated by conversion into the calcium salts, treating with 
hot absolute alcohol to dissolve the 5-compound and cold methanol to 
remove the 4,7-disulfonate. The 6-sulfonate remains undissolved.**? 

The products obtained from 1-naphthylamine and chlorosulfonic 
acid 77 are similar to those from oleum, the 4- and 5-sulfonic acids 
predominating. 

The 1-naphthylaminedi- and trisulfonic acids have frequently been 
prepared from partially sulfonated compounds rather than from the 
amine itself. This is partly because of the difficulty encountered in 
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separating the components of the mixture obtained from the amine. 
1-Naphthylamine with oleum 78 at 120° yields a mixture of the 
4,6- and 4,7-disulfonic acids together with an unidentified compound. 
These two disulfonic acids and the 2,4,7-trisulfonic acid result from 
the action of oleum ®* 78.79 a¢-30° upon naphthionic acid. At 120° 
the trisulfonic acid becomes the chief product.7° The 2-sulfonic acid 
reacts with oleum or chlorosulfonic acid ** 741 to form the 2,5-disul- 
fonic acid. The 3-sulfonic acid with 20% oleum below 20° also *? sul- 
fonates in the 5-position. Further sulfonation of the N-acetyl-5-sul- 
fonic acid 7° with sulfuric acid produces the 5,7-disulfo compound 
while with oleum the corresponding unacetylated derivative gives rise 
to the 2,5,7-trisulfonic acid.7* The action of oleum ™® at 100-150° 
upon the 1-naphthylamine-6-sulfonic acid converts it into the 4,6- 
disulfonated compound, further sulfonation with oleum or chlorosul- 
fonic acid giving the 2,4,6-trisulfonic acid.* The 7-sulfonic acid 7? 
yields the 4,7-disulfonic acid. 

1-Naphthylamine-8-sulfonic acid when treated with oleum 78 at 
100° sulfonates in the 4-position while with sulfuric acid at 75-80° 
it rearranges to naphthionic acid.74° The N-acetyl derivative is 
claimed *?° to sulfonate in the 6-position. The 4,8-compound may be 
sulfonated further *** to the 2,4,8-trisulfonic acid. 

The action of 25% oleum 7? upon the 3,6,8-trisulfonic acid converts 
it into the sultam and then into the sultam of a tetrasulfonic acid. 


O2S---NH OoS—-NH 


HO;:8 NH» | 
_ _ 
HO; O;sH  HO;S OsH HOs 03H 
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Sulfonation of 2-Naphthylamine. Five of the six known monosul- 
fonic acids of 2-naphthylamine may be prepared by direct sulfonation. 
These may be arranged in a series of increasing stability toward heat; 
the least stable 1-sulfonic acid has been prepared by a sulfonation re- 
action only recently while the most stable 6-sulfonic acid is practically 
the sole product at sulfonation temperatures of 200° or above. The 
stability series may be written: 1<8<5<7<6. Of these rela- 
tionships only the conversion of the 1- to the 8-isomer has not been 
effected in good yield. All sulfonation reactions of 2-naphthylamine 
are summarized in Chart VII. In addition there is the series of prod- 
ucts obtained from the 3,7-disulfonic acid through sulfonation to the 
tri- and tetrasulfonic acids. 
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Despite the thoroughness with which the sulfonation reactions of 
2-naphthylamine have been investigated, contributions to our knowl- 
edge of these reactions are still appearing in the literature. 

Through the action of sulfur trioxide upon a solution of the amine 
in an inert solvent *?* at not over 90° the 1-sulfonic acid is obtained. 
This with 96% sulfuric acid at 80° rearranges into a mixture’ of 
5- and 8-isomers. When 2-naphthylamine stands with sulfuric acid 
for many days ***?5 the 5- and 8-sulfonic acids predominate in the 
reaction mixture, the former being present in 55% yield. At 100-105° 
with 3-3.5 parts of this reagent ** there are formed 40% of the 5-, 
50% of the 8-, and 5% each of the 6- and 7-sulfonic acid. Analysis 
of this mixture is possible because of the insolubility of the sodium 
8-sulfonate in 90% alcohol and the differing solubilities in water of 
the barium salts of the other three acids. The sodium salts of the 
5- and 8-sulfonic acids also differ considerably in their solubilities in 
water.7?7. Separation of the 8-sulfonic acid from the others may also 
be effected by fractional precipitation by the addition of sulfuric acid 
to a solution of the mixed sodium salts.” As the temperature of 
sulfonation is raised the 6- and 7-sulfonic acids become predomi- 
nant; about equal amounts are formed with 3-3.5 parts of sulfuric 
acid 740,726,728 at 160-170°. If the temperature is raised to 200-210° 
one molecular equivalent of sulfuric acid yields only the 6-sulfonic 
acid.7°° Potassium trihydrogen sulfate 7°? at 230° also gives almost 
entirely the 6-sulfonic acid. 

By warming the amine with 20% oleum 7*? at 70-80° a mixture is 
produced which contains 68-70% of the 5-, 30% of the 8-, and a trace 
of the 6-sulfonic acid. This reaction has more recently been investi- 


SULFONATION OF 2-NAPHTHYLAMINE 297 


gated in detail.77? Chlorosulfonic acid gives similar results.7°7 If the 
8-sulfonic acid is heated to 80-120° with 10-96% sulfuric acid ™* it is 
transformed into the 5-isomer mixed with a little of the 6- and 7-com- 
pounds. When cither the 5- or 8-sulfonic acid is heated at 160° with 
sulfuric acid 7** it rearranges into a mixture of the 6- and 7-isomers. 

The di and trisulfonation products of 2-naphthylamine have received 
considerable attention even in more recent years although the general 
outline of the results was well established some forty to fifty years ago. 
Addition of 2-naphthylamine sulfate to 20-30% oleum ™* and heating 
to 110-140° produces the 6,8-disulfonic acid (amino G acid). The 
simultaneous preparation of this compound and the 5,7-isomer (amino 
I acid) has been exhaustively investigated. The preparation of the 
latter compound involves the trisulfonation of the amine to the 1,5,7- 
trisulfonic acid followed by removal of the 1-sulfo group by hydrolysis. 
This trisulfonation is desirable since the 1,5-disulfonic acid is con- 
verted into the 1,5,7-compound and there are only two products to 
separate from the sulfonation mixture. Typical directions for the sul- 
fonation are those of Fierz-David and Braunschweig 7° who dissolve 
192 g. of 2-naphthylamine in 750 g. of 100% sulfuric acid, keep at 40° 
for 1 hour, add 700 g. of 62% oleum, and heat at 85-90° for 11 hours. 
After pouring the mixture into 2600 g. of ice and water and standing 
for 4 hours the 6,8-disulfonic acid separates quantitatively; the yield 
after recrystallization from hydrochloric acid is 41%. ‘The filtrate 
containing the 1,5,7-trisulfonic acid is boiled and cooled to give the 
5,7-disulfonic acid. Formation of the 1,5,7-trisulfonic acid also occurs 
when the 5-sulfonic acid or the 1,5- and 5,7-disulfonic acids are treated 
with 40% oleum 778° at 100°. The 1,5-compound is not affected by 
85% sulfuric acid at room temperature 7” but at 100° hydrolysis to 
the 5-sulfonic acid occurs and at higher temperatures a mixture of the 
6- and 7-compounds is formed. By the action of oleum upon the 
6-sulfonic acid below 20° further sulfonation occurs, chiefly in the 
1-position,™*® while the 8-sulfonic acid sulfonates, after long standing, 
in the 6-position.” The 5-sulfonic acid under these conditions yields 
mainly the 5,7-compound with a little of the 1,5-isomer while the 
1-sulfonic acid gives entirely the 1,5-disulfo compound.”*787 The 
7-sulfonic acid with four parts of cold 25% oleum gives rise to a mix- 
ture of three compounds,”® the 5,7-, 1,7-, and 4,7-disulfonic acids. 

By the action of 40% oleum at 80-90° the 6,8-disulfonic acid 72? 
sulfonates in the amino group but at 120-130° the 3,6,8-trisulfonic acid 
results. When the 3,7-disulfonic acid is heated with 40% oleum at 
130° there results a mixture containing the 3,6,7-, 3,5,7-tri-, and 
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1,3,6,7-tetrasulfonic acids. The 1,3,7-trisulfonic acid with 10-20% 
oleum yields a mixture of this tetrasulfonic acid and the 3,5,7-trisul- 
fonated compound, the latter through rearrangement. The 3,5,7- and 
3,6,7-trisulfonic acids are readily separable as their sodium salts. The 
3,6,7-trisulfonic acid by treatment with oleum is converted into the 
1,3,6,7-tetrasulfonic acid, and this may be readily hydrolyzed back 
to the 3,6,7-compound. The 1,5,7-trisulfonic acid when heated with 
oleum 7 at 140-160° rearranges to the 3,5,7-compound. By heating 
the 4,8-disulfonic acid with 60% oleum *** at 100° for 10 hours, then 
at 120° for 2 hours a good yield of the 4,6,8-trisulfonic acid was ob- 
tained. 

The sulfonation of 4-methyl-1-naphthylamine *4*4 gives a mixture of 
the 3- and 6-sulfonic acids. The alkali salts of the 6-compound are 
less soluble in water than those of the 3-isomer. 

Apparently no other amino derivative of an alkylnaphthalene in 
which the amino group is attached to the nucleus has been sulfonated. 
5-Aminoacenaphthene reacts with sulfuric acid in the 3-position."**” 

Sulfonation of N-Substituted Naphthylamines. 1-Naphthylmethyl- 
amine *** igs converted by sulfuric acid into a mixture of the 2- and 
4-sulfonic acids which further react to give the 2,4-disulfo compound. 
These reactions are more analogous to those of methylnaphthalene 
than to the ring-substituted amines. Sulfonation of N,N-dimethyl-1- 
naphthylamine with sulfuric acid 7*5 at 130° gives the 5-sulfonic acid 
and an isomer. At 120-130° with oleum ** a disulfonic acid results 
which, however, was not described. N,N-Diethyl-1-naphthylamine 
has been converted into a sulfonic acid by the action of sulfuric 
acid #64 at 190-210°. It seems probable that this is the 6-isomer. 

N-Ethyl-2-naphthylamine hydrochloride with “weak” oleum 7 at 
ordinary temperature gives the 5-sulfonic acid while with 100% sul- 
furic acid at 140° the 7-isomer is the principal product. Both of these 
undergo further sulfonation with oleum to the 5,7-disulfo compound. 
N,N-Dimethy]-2-naphthylamine-5-sulfonic acid reacts with chlorosul- 
fonic acid *** to yield a mixture of two monosulfonyl chlorides of un- 
determined structure. 

N-Phenyl- and N-o-tolyl-2-naphthylamine sulfonate in the 5- or 
8-position when allowed to stand with four parts of 100% sulfuric 
acid.7# 

Sulfonation of N-acetyl-1-naphthylamine with oleum 7 gives rise 
to a.mixture of the 4- and 5-sulfonic acids. With chlorosulfonic 
acid 77 the 4-sulfonyl chloride is obtained. As already noted (see 
p. 295) N-acetyl-1-naphthylamine-8-sulfonic acid sulfonates in the 
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6-position.”2° Amides derived from higher-molecular-weight fatty 
acids and N-ethylnaphthylamine upon sulfonation yield wetting 
agents.74% 

N-Acety]-2-naphthylamine with sulfuric acid 7°° substitutes chiefly 
in the 8-position whereas with chlorosulfonic acid a sulfony! chloride 7% 
of unknown structure results. 

Sulfonation of Chloroaminonaphthalenes. Only a few of the halo- 
genated aminonaphthalenes have been sulfonated. 8-Chloro-1-naph- 
thylamine with oleum 7*? at a low temperature yields the 5-sulfonic 
acid. The sulfonic acid from the 2,4-dichloro-N-acety! compound is 
of unknown constitution.7** 1-Chloro-2-naphthylamine hydrochloride 
with 2% oleum at 70° for 6 hours7** is converted chiefly into the 
5-sulfonic acid; at 100° the 6- and at 160° the 7-isomer predominates. 
The N-acetyl derivative also sulfonates in the 5-position at a low 
temperature.7° 

Sulfonation of Aminonaphthols. Although the hydroxyaminonaph- 
thalenesulfonic acids are of importance in the preparation of certain 
dyes only a few compounds of this category have been obtained by 
sulfonation reactions. Of these the most studied are those derived 
from 8-amino-l-naphthol. This compound with sulfuric acid ** at 
15-20° gives a mixture of the 2- and 4-sulfonic acids, separable through 
the difference in solubilities of their calcium salts. With 75% sulfuric 
acid at 130-160° the 2-isomer is the sole product.7*? Further sulfona- 
tion at 100° with sulfuric acid yields the 2,4-disulfonated compound.7® 
The 5-sulfonic acid is converted into the 2,5-disulfonic acid when 
treated with 100% sulfuric acid or 23% oleum 7** while the 6-isomer 
yields the 4,6-disulfonic acid.7*° The results obtained with other 
aminonaphthols are shown in Table XXII. Under the “reagent” col- 
umn, A refers to sulfuric acid and B to oleum. 

Sulfonation of Diaminonaphthalenes. The investigations of the sul- 
fonation reactions of these compounds are with one exception reported 
only in the patent literature. 1,8-Diaminonaphthalene sulfate when 
heated at 100° or above 7® yields the 4-sulfonic aid. This when 
treated with 60% oleum 7® at 70-80° gives a disulfonic acid of un- 
known structure. If the sulfo groups occupy the peri position it seems 
to be one of the rare instances where such a sulfonation occurs. 1,5- 
Diaminonaphthalene sulfate when dissolved in 5% oleum and the 
solution treated with 25% oleum 7* followed by heating at 100-110° 
sulfonates in the 2-position. 

N-Acetyl-1,4-diaminonaphthalene reacts in the 7-position when 
treated with 20% oleum ™ at not over 25-30°. Low-temperature re- 
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TABLE XXII 


SULFONATION OF AMINONAPHTHOLS 


Naphthalene Derivative 


2-Amino-1-hydroxy- 
4-Amino-1-hydroxy- 
5-Amino-1-hydroxy 
6-Amino-1-hydroxy- 
7-Amino-1-hydroxy- 
4-Amino-2-hydroxy- 
7-Amino-2-hydroxy- 
8-Amino-2-hydroxy- 
6-Amino-1-hydroxy-5-sulfo- 


3-Amino-2-hydroxy-7-sulfo- 


5-Amino-2-hydroxy-7-sulfo- 
1-Phenylamino-2-hydroxy- 


1 Seidel, Ber., 98, 424 (1892). 


Reagent and 
Reference 


A,? 4 parts 
All 
A‘ 
Al 


Af 
As 
A,# 100% 


Reaction Data 


2 A.-G. fur Anilinfabrik, German pat., 68,564, Frdl., 83, 486. 
3 Friedliinder and Ridt, Ber. 20, 1609 (1896). 
4Cassella and Co., German pat., 69,485, Moniteur scientifique du Dr. Quesneville, Paris, 88, 319 


(1892); 75,066, Frdl., 8, 476. 


5 Cassella and Co., German pat., 84,952, Frdl., 4, 576. 


Position of 
Sulfo Group 


2. 
2,4- (rearranges) 
5- 

3- 

Not 4 


6 A.-G, fur Anilinfabrik, German pat., 86,448, Frdl., 4,606; Cassella and Co., German pat., 116,768, 


Chem. Zentr., T, 153 (1901). 


7 Bucherer and Wahl, J. prakt. Chem., [2] 108, 129 (1921). 
8 Bayer and Co., German pat. appl., 7,372, Frdl., 4, 577. 
9 Bayer and Co., German pat. appl., 7,335, Frdl., 4, 640. 
10 Kern and Sandoz, German pat., 69,228, Moniteur ecientifique du Dr. Quesneville, Paris, 171 (1893). 
1] Cassella and Co., German pat., 131,526, Chem. Zentr., I, 1382 (1902). 
42 Lautz and Wall, Compt. rend., 180, 1668 (1925). 


actions usually give alpha sulfonic acids but here the groups in the 


peri position apparently prevent this. 
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SULFONATION oF ANTHRACENE AND ReLaTep CoMPOUNDS 


In comparison with naphthalene the sulfonation reattions of anthra- 
cene have been little investigated. The sulfonation of anthraquinone 
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on the other hand has been studied thoroughly. Of the various anthra- 
quinone derivatives the hydroxy compounds have received the most 
attention, but the information concerning these compounds comes al- 
most entirely from the older patent literature and is restricted to their 
preparation and technical usefulness. Very noticeable is the lack of 
information concerning the action of chlorosulfonic acid upon anthra- 
quinone and its derivatives. The hydroxy and amino compounds 
might be expected to react with this reagent quite readily to give in- 
teresting and possibly valuable products. 

Sulfonation of Anthracene. Anthracene does not undergo sulfona- 
tion in the meso (9,10-) positions. The other two rings react similarly 
to naphthalene in that at temperatures under 100° substitution occurs 
in the alpha positions while at higher temperatures the beta compounds 
predominate. From the qualitative information available, anthracene 
sulfonates at least as easily as does naphthalene and more readily than 
benzene. 

Monosulfonation of anthracene with chlorosulfonic acid or oleum 7* 
in acetic acid solution gives a mixture of approximately equal 
amounts 7° of the 1- and 2-sulfonic acids which may be separated by 
converting to the sodium or barium salts and dissolving the 1-sulfonate 
in water. The sodium anthracene-2-sulfonate dissolves slightly in hot 
water while the barium salt is practically insoluble. By monosulfonat- 
ing with pyridine sulfotrioxide 77°? in pyridine solution at around 
115° there is obtained mostly the 1-sulfonic acid while at 165-170° in 
high-boiling petroleum as a solvent this reagent gives a 40% yield of 
sulfonic acids which is chiefly the 2-isomer. In nitrobenzene at ordi- 
nary temperatures a 15-20% yield of the 1-sulfonic acid results. The 
2-sulfonic acid has been prepared by heating anthracene with 53° Be. 
sulfuric acid 7 at 120-135° or with an alkali bisulfate 7°* at 140- 
150°. The presence of mercury 7° directs the sulfonation to the 
1-position in anthraquinone but not in anthracene. 

The data available regarding disulfonation are fragmentary and 
contradictory. It has been reported 7°7° that at 100° and at 150- 
180° a mixture of the 1,5- and 1,8-disulfonic acids is obtained when 
sulfuric acid is the reagent. It has also been claimed, however,” that 
by heating anthracene with 53-58° Be. sulfuric acid at 140-145° a 
mixture of the 2-sulfonic acid and the 2,6- and 2,7-disulfonic acids 
results, the last-mentioned compound predominating. Since high tem- 
peratures favor monosulfonation in the 2-position it is difficult to ex- 
plain why disulfonation under these conditions should lead to the 1,5- 
and 1,8-disulfonic acids. The sulfonation of anthracene-2-sulfony] 
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chloride with 4% oleum has been mentioned °8 but pure compounds 
were not isolated. Obviously further investigation is necessary. A 
number of anthracenesulfonic acids have been prepared by reduction 
of the corresponding anthraquinone derivatives.’ 

Sulfonation of Anthracene Derivatives. Apparently no simple alky] 
derivatives of anthracene have been sulfonated. The 9-benzyl com- 
pound with sulfuric acid 7** at 100° gives a sulfonic acid whose struc- 
ture is unknown. A mixture of products might well be expected in 
this reaction. 9,10-Dichloroanthracene reacts with chlorosulfonic acid 
in chloroform at 40°, 100% sulfuric acid 7” at 30°, or with oleum in 
nitrobenzene 77° to give only the 2-sulfonic acid. The analogous bro- 
mine compound behaves similarly with chlorosulfonic acid 77? or with 
oleum 7 in nitrobenzene below 15°. The presence of a halogen in 
the 9,10-positions is thus seen to inhibit substitution in the alpha posi- 
tions in the outside rings. The disulfonic acids obtained from these 
halogen compounds by the action of oleum 77*4 at 100° are undoubtedly 
the 2,6- and 2,7-compounds. Anthracene-9-carboxylic acid is mono- 
sulfonated by sulfuric acid and disulfonated by oleum 77 at 0°. 

Sulfonation of Anthraquinone. The usefulness and limitations of 
various sulfonation procedures for preparing anthraquinonesulfonic 
acids have been adequately determined. By suitable reaction condi- 
tions it is possible to prepare the two predicted monosulfonic acids 
and the six disulfonic acids in which substitution has occurred in both 
rings. It is not possible by any method so far developed to introduce 
a third sulfo group into the anthraquinone nucleus, oxidation to hy- 
droxy compounds always occurring under conditions where trisulfona- 
tion might be expected.’ Anthraquinonesulfonic acids have been 
obtained also by the action of a sulfophthalic anhydride upon benzene 
followed by ring closure of the benzoylbenzoic acids.?77 

Perhaps the most interesting feature of the sulfonation reactions of 
anthraquinone is the effect produced by the presence of a small amount 
of mercuric sulfate in the sulfonation mixture. Whereas sulfonation 
in the absence of this catalyst gives approximately 98% beta substi- 
tution, with the mercury catalyst high yields of the alpha sulfonic 
acids result. The conclusion has been reached by the later investi- 
gators "’’ of the mechanism for this reaction that mercuration of the 
anthraquinone occurs first, followed by replacement of the mercuri 
group through the action of sulfur trioxide. 


CsHs(CO)2CeHs + HgSOs4 — CoHs(CO)2CesHsHgSO.H 
CsH4(CO)2CeHsHgSO.H + 803 — CeHs(CO)2CeH3SO3H + HgSO« 
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This type of mechanism has already been mentioned in connection 
with the effect of mercury upon other sulfonation reactions. 

In the industrially important reactions involving the oxidation of 
anthraquinonedisulfonic acids by oleum to various of their hydroxy 
compounds, boric acid is frequently added to the reaction mixture. 
This esterifies the hydroxyl groups already present, if any, and com- 
bines with the others as they are formed.’** The molecule is thereby 
stabilized against decomposition at the temperature necessary for the 
oxidation to occur and after the reaction the borate esters are readily 
hydrolyzed. 

Anthraquinone is converted into a mixture of mono- and disulfonic 
acids by heating with sulfuric acid 77* at 250-260° but the yields are 
low owing to complex side reactions. More recently ’7° a careful study 
has been made of the action of concentrations of sulfuric acid ranging 
from 89.5 to 100% at temperatures from 160° to 230°. The results 
are given in great detail for which the original should be consulted. 
The use of oleum 7-78 at a lower temperature gives much more sat- 
isfactory results. In a careful study 7* of the effect of various factors 
upon the yield of anthraquinone-2-sulfonic acid the best procedure 
found involved the addition of 208 g. of anthraquinone to 280 g. of 
30% oleum, followed by heating for 6 hours and pouring into water. 
After separating 65 g. of unchanged anthraquinone, precipitating the 
sodium sulfonates with sodium chloride solution and recrystallization 
from water a 64% yield of pure sodium anthraquinone-2-sulfonate 
was obtained.’*? It has also been found 7**¢ that monosulfonation can 
be effected by passing gaseous sulfur trioxide into the reaction mixture 
at 150-170°. This gives about the same yield of sulfonic acid as is 
obtained from the use of oleum and the necessity of removing un- 
changed sulfuric acid is eliminated. There are always some disulfonic 
acids formed regardless of the sulfonation procedure, the 2,6- and 2,7- 
compounds resulting in about equal amounts 7’’* together with traces 
of the 1,6- and 1,7-disulfonic acids and hydroxysulfonic acids. The 
disulfonation practically ceases when the concentration of sulfur tri- 
oxide has dropped to 2-3%. The presence of inorganic sulfates de- 
creases the formation of disulfonic acids but a higher temperature is 
required to effect monosulfonation. Not more than 2-3% of the 
1-sulfonic acid is ever formed in the reaction where no catalyst is 
present. An investigation of the energetics of the anthraquinone sul- 
fonation 78> has shown that the activation energy is constant within 
the limits of experimental error for various concentrations of sulfuric 
acid and amounts to 39.5 keal. per mole. It is claimed that this value 
is valid for the gas phase. 
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Of the many salts of the 2-sulfonic acid which have been investi- 
gated the sodium compound is the most characteristic. Because of 
its appearance it has received the common name of “silver salt.” 

To effect the monosulfonation of anthraquinone to the 1-sulfonic 
acid it is best to use 20-25% oleum,’’7® a temperature variously 
given 74 as 130-150°, and mercuric sulfate 777 7** amounting to 1% of 
the weight of the anthraquinone. No more oleum should be used than 
is necessary to furnish 105% of the sulfur trioxide needed 7’ for the 
sulfonation or disulfonice acids will be formed in large amounts. The 
presence of more than the 1% of mercuric sulfate specified offers no 
advantage. In many instances metallic mercury or mercurous sulfate 
has been added to the mixture as the catalyst but these are rapidly 
converted to the mercuric sulfate. Small amounts of the sulfates or 
oxides of various other metals added to the sulfonation mixture have 
no catalytic effect upon the sulfonation except perhaps vanadium pent- 
oxide which accelerates the reaction somewhat.’77>785 A satisfactory 
procedure for obtaining the potassium anthraquinone-1-sulfonate 7*¢ is 
as follows. Heat a mixture of 208 g. of anthraquinone, 200 g. of 20% 
oleum and 2-4 g. of mercuric oxide or sulfate to 130-135°, add 50 g. 
of 60% oleum during 1 hour, heat an hour longer and pour into 2 1. 
of water. Addition of potassium chloride to the aqueous solution gives 
a 63% yield of potassium monosulfonates of which 97% js the 1-isomer. 
Some 8% of the disulfonic acids is formed and remains in solution. 
Separation of the 1-sulfonic acid from the reaction mixture as its so- 
dium salt 7** is also feasible. 

It was one time suggested 7*’ that in all sulfonations of anthraqui- 
none reaction occurs in the 1-position first, followed by rearrangement 
of the 1-sulfonic acid to the 2-isomer at a high temperature. It was 
later 78° shown that such a rearrangement does not occur at 180°, a 
temperature higher than that at which the 2-sulfonic acid is formed 
from anthraquinone. However, if the 1-sulfonic acid is heated above 
200° with 80-90% sulfuric acid 7° in the presence of mercuric sulfate 
some of the 2-sulfonic acid results, apparently due to hydrolysis of 
the 1-sulfonic acid to anthraquinone followed by resulfonation. Mer- 
curic sulfate exerts no catalytic effect in sulfonation unless sulfur tri- 
oxide is present. Whether it has any effect upon the hydrolysis or 
not does not seem to be entirely clear. 

Analysis of a mixture of the 1- and 2-sulfonic acids may be effected 
through differences in the solubilities of various salts, or perhaps bet- 
ter, through conversion to the chloroanthraquinones by the action of 
potassium chlorate and hydrochloric acid *’"* and taking the melting 
point of the mixture. 
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For the disulfonation 77° 78, 781, 782,790 of anthraquinone in the ab- 
sence of a catalyst it is best 7778 to use 110% of the theoretical amount 
of sulfur trioxide as 40% oleum and heat to 190°. In this manner an 
85% yield of the 2,6- and 2,7-disulfonic acids is obtained in the ratio 
1 to 1.15. At a lower temperature somewhat more of the 2,7-isomer 
results. The other reaction products are 1,6- and 1,7-disulfonic acids 
and hydroxysulfonie acids. Increasing the reaction time or the sulfur 
trioxide concentration increases the yield of the hydroxy compounds. 
In the presence of equimolecular amounts of an inorganic sulfate such 
as sodium sulfate 777-7"! there is little or no alpha sulfonation or hy- 
droxysulfonic acid formation. 

As with the monosulfonic acids, analysis of the 2,6- and 2,7-disul- 
fonic acid mixture may be effected through conversion to the corre- 
sponding chlorinated anthraquinones.’ The 2,6-disulfonic acid may 
be separated from the 2-sulfonic acid by precipitating the former as 
the ammonium salt 7? whereas if sodium sulfate is added to an aque- 
ous solution of these two compounds the sodium 2-sulfonate separates 
first.7%8 

In the disulfonation of anthraquinone in the presence of a mercury 
catalyst 782 >.7°* the best 7772-7814 results are obtained by using enough 
40% oleum to furnish 5-10% excess sulfur trioxide and keeping the 
temperature at 120°. At 130° there is more oxidation but the reaction 
is complete in 4 to 5 hours instead of in three times as long. It is neces- 
sary to heat the reaction mixture slowly so that much of the sulfur 
trioxide will be used before a temperature is reached at which oxida- 
tion becomes important. In this manner are obtained 45-50% of the 
1,5-, 24-27% of the 1,8-, 15-21% of the 1,7-, and 5% of the 1,6-di- 
sulfonic acids. Separation of the 1,5- and 1,8- compounds from each 
other may be effected through the free acids or their calcium salts. 
For further details the work of Lauer7’”® and Fierz-David and co- 
workers 78?¢ should be consulted. 

The sulfonation of an anthraquinone-1-sulfonate in the absence of 
a catalyst with 40% oleum 77*%795 gives 68% of the 1,6- and 32% of 
the 1,7-disulfonic acids while sulfonation of the 2-sulfonic acid in the 
presence of a catalyst (mercuric sulfate) 777° 78.798 gives 41% of the 
1,6- and 59% of the 1,7-disulfonic acid. There is thus evidence that 
the position occupied by a sulfo group in one ring influences consider- 
ably the position taken by a group entering the second ring. 

There are several instances where sulfuric acid or oleum acts as an 
oxidizing agent, with or without sulfonation occurring, that give rise 
to hydroxyanthraquinonesulfonic acids which are of some value as 
dyestufis. 7842 796 
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Sulfonation of Alkyl-, Halo-, and Nitroanthraquinones. It was re- 
ported by Locher and Fierz *°* that attempts to bring about the di- 
rect sulfonation of 2-methylanthraquinone were not successful but 
Lauer 777° has shown that with 120% of the theoretical amount of 
sulfur trioxide as 40% oleum at 150° there results about 30% of the 
3,7- and 38% of the 3,6-disuifonic acids. 
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Many of the known halogen derivatives of the anthraquinonesulfonic 
acids have been obtained by halogenation. Until quite recently no 
systematic investigation of the sulfonation of any of the haloanthra- 
quinones was on record. This deficiency has been remedied for a 
number of the chlorine derivatives by Goldberg.?** His results are 
presented in Table XXIII. In these reactions the compound sulfo- 
nated was heated at 155-160° for 4 to 5 hours with 2-3 parts of 20% 
oleum except where one sulfo group was already present in the mole- 
cule. Here approximately 6 parts of oleum and a time of 10 to 11 hours 
were necessary. Under the heading of “catalyst” in the table is indi- 
cated whether or not mercuric sulfate was added to the reaction mix- 
ture. Several of the chlorine compounds listed in Table XXIII had 
been sulfonated previously 7°*®° but the structures of the resulting 
sulfonic acids were not determined until Goldberg 7°* converted them 
into the di- and trichloroanthraquinones whose structures were estab- 
lished independently. In addition, it has been found that 2-chloro- 
anthraquinone yields a single monosulfonic acid when sulfonated in 
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SULFONATION OF CHLOROANTHRAQUINONES 


ANTHRAQUINONE PosiTION(s) OF 
DERIVATIVE CaTaLystT SUBSTITUTION 
1-Chloro- ~ 6- or 7- 
+ 5- or 4,5-di- 
1-Chloro-5-sulfo- ~ 2- or 4 
1-Chloro-6-sulfo- - 2- or 4- 
1-Chloro-7-sulfo- - 2- 
1,2-Dichloro- _ 6- or 7- 
1,3-Dichloro- - 6- or 7- 
1,4-Dichloro- - 6- 
1,8-Dichloro- -_ 4- or 4,5-di- 
1,5-Dichloro- - 2- or 4- or 2,8-di- 
+ 4- or 4,8-di- 


the absence of a catalyst and an isomer in the presence of mercuric 
sulfate.2°° The supposed disulfonic acid of 1,2,3,4-tetrachloroanthra- 
quinone obtained from the tetrachlorobenzoylbenzoic acid *+ should 
be reinvestigated because in no other analogous case has it been possible 
to introduce two sulfo groups into the same benzene nucleus of anthra- 
quinone and it seems unlikely that ring closure of the disulfonated 
compound would be any more feasible. 

1-Nitroanthraquinone with oleum at 130° in the presence of mer- 
curic sulfate 777 6°2¢ yields a mixture of sulfonic acids containing 52% 
of the 5-, 29% of the 8-, 12% of the 7-, and 7% of the 6-isomer. At 
200° sulfuric acid *°?> converts the 1-nitro-6-sulfonic acid into an ether 
of a dihydroxyaminosulfonic acid. 2-Nitroanthraquinone-7-sulfonic 

O2NC¢H3(CO)2CeHsSO3H ~~» O[Ci4H402(NH2)(OH)SO3H]2 
acid has been prepared only by ring closure of the benzoylbenzoic 
acid, 802¢ 
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The 1,5- and 1,8-dinitroanthraquinones with sulfur, oleum, and boric 
acid ®8 at 120-130° give complex quinone type compounds. 
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Sulfonation of Aldehydo- and Carboxyanthraquinones. 1-Chloro- 
2-anthraquinonealdehyde has been sulfonated %°* but the position of 
the sulfo group is not known. This is also true for the compound ob- 
tained from 2-anthraquinonecarboxylic acid and 40% oleum.*® 

Sulfonation of Hydroxyanthraquinones. It is somewhat surprising 
to find that oleum at temperatures usually well above 100° is necessary 
to sulfonate compounds containing phenolic groups, but this is true 
for the hydroxyanthraquinones. Another unusual feature of these sul- 
fonations is that substitution invariably occurs ortho to hydroxyl 
rather than para as it does in benzene derivatives. As with anthra- 
quinone itself, sulfonation tends to occur in beta rather than alpha 
positions. Practically all the data available concerning the reactions 
come from the older patent literature, the major part of the technical 
interest in the resulting hydroxy sulfonic acids finding expression in 
the decade following 1900. 

The essential data of the sulfonations are oreseated 4 in Table XXIV. 
The reagent in each case is oleum, the percentage of sulfur trioxide 
being given in the second column. Wherever mercuric sulfate or boric 
acid was added to the reaction mixture this is also indicated. 

In addition, there are several instances where sulfonation and oxida- 
tion occur in the same reaction mixture. Thus alizarin when heated 
with oleum followed by treatment with sulfuric acid °° yields a 1,2,5- 
trihydroxysulfonic acid, and 1-hydroxyanthraquinone-8-sulfonic acid 
with 20% oleum, boric acid, and mercuric oxide ® gives a 1,4-di- 
hydroxyanthraquinonedisulfonic acid. The sulfonation of 1-phenoxy- 
anthraquinone-6-sulfonyl chloride with 4% oleum has been men- 
tioned.*8° 

Sulfonation of Aminoanthraquinones. As in the sulfonation of the 
hydroxy compounds the sulfonation of the aminoanthraquinones leads 
to ortho substitution. Thus 1-aminoanthraquinone with oleum and 
sodium sulfate,*°°* with chlorosulfonic acid,®°® or with two or more 
molecular equivalents of sodium bisulfate °°* at_ 210~-240° is converted 
into the 2-sulfonic acid, and 2-aminoanthraquinone with oleum to 
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TABLE XXIV 
REACTION OF OLEUM WITH HypROXYANTHRAQUINONES 
P . .. | Reagent (% SOs) Reaction Position(s) of 

Anthraquinone Derivative and Reference | Temperature Sulfo Group(s) 
1-Hydroxy- 20%)? 100 or 150° 2- 
2-Hydroxy- 20% 5 120 or 150° 3- 
},2-Dihydroxy-(alizarin) 20-40%? 120-140° 3- and 4- 

20-40%! 130-170° 3,6- and 3,7-di- 

20%, mercury 110° 3,5-di- and 3,8-di- 

catalyst 

1,3-Dihydroxy- 20%? 130° 2- (2) 
1,4-Dihydroxy- 20%» 18 140° 2- (?) or 6- 
1,5-Dihydroxy- 20%,° 3 parts 100-120° 2,6-di- 

25%,7 10 parts | 120° 2,4,6,8-tetra- 
1,8-Dihydroxy- 20% 100~-120° 2,7-di- 

25%? 120° 2,4,5,7-tetra- 
2,6-Dihydroxy- 10-20%, ® 100-120° 3,7-di- 
2,7-Dihydroxy- 10-20% 100-120° 3,6-di- (?) 
1,2,4-Trihydroxy- 20%" 100° 3- 
1,2,4-Trihydroxy-8-sulfo- | 20%? =| ............ 3- 
1,2,6-Trihydroxy- 10-20% 120-150° 3- (?) 
1,2,7-Trihydroxy- 10-20% 120-150° 3- (?) 
1,4,5-Trihydroxy- 30%,'4 boric acid | 130° 6- 
1,3,5,7-Tetrahydroxy- 20% 115-120° 2,6-di- 
1,2,4,8-Tetrahydroxy- 30%," boric acid | 130° 3- 


1 Bayer and Co., German pat., 127,438, Chem, Zentr., I, 329 (1902). 

2 Georgievics, Chem, Zentr., I, 1515 (1905). 

8 (a) von Perger, J. prakt. Chem., [2] 18, 179 (1878). (b) Graebe and Liebermann, Ann., 160, 131 
(1871). 

4 Bayer and Co., German pat., 56,952, Frdl., 8, 270. 

5 Wedekind, German pat., 210,863, Chem. Zentr., IT, 243 (1909). 

5 Bayer and Co., German pat., 96,364, ibid., I, 1255 (1898); see also Rogers, U. 8. pat., 1,924,166, 
C.A., 27, 5340 (1933). 

7 Bayer and Co., German pat., 141,296, Chem. Zentr., 1, 1163 (1903); see also Badische Anilin- und 
Sodafabrik, German pat., 108,459, Frdl., 5, 274. 

8 Wilbling, Ber., 86, 2941 (1903); Bayer and Co., German pat., 100,136, Chem. Zentr., I, 655 (1899). 

® Héchster Farbwerke, German pat., 99,874, ibid., 1, 464 (1899); Wedekind and Co., German pat., 
244,372, ibid., I, 962 (1912). 

10 Héchater Farbwerke, German pat., 99,612, tbid., I, 399 (1899). 

Nl Bayer and Co., German pat., 89,027, Frdl., 4, 324. 

18 Bayer and Co., German pat., 172,688, Chem. Zentr., II, 646 (1906). 

13 Héchster Farbwerke, German pat., 86,151, Frdl., 4, 280. 

\4 Bayer and Co., German pat., 165,860, Chem. Zentr., I, 520 (1906). 

18 Heller, Ber., 46, 2708 (1913); Héchster Farbwerke, German pat., 70,803, Frdl., $, 242. 

16 Mildner, U. 8. pat., 1,879,390, C.A., 27, 1010 (1933). 
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which boric acid may be added *!° sulfonates in the 3-position. 1-Ami- 
noanthraquinone and its N-methyl derivative in the presence of boric 
acid with 80% oleum *"! at 30-35° are both oxidized and sulfonated. 

Most of the aminoanthraquinones which have been sulfonated also 
contain hydroxyl groups. The results obtained with these compounds 
are listed in Table XXV. The percentage in the second column refers 
to the sulfur trioxide content of the oleum used. 


TABLE XXV 
SULFONATION OF AMINOHYDROXYANTHRAQUINONES 

" Petes Reagent (°% SOs) Reaction Position of 
Anthraquinoner Derivative and Reference Temperature Sulfo Group 
2-Hydroxy~1-amino- 20%! 130° 3- (?) 
4-Hydroxy-1l-amino- 60%,? boric acid 110-120° 6- 
1-Hydroxy-2-amino- 20%! 115° 3- 
1,2-Dihydroxy-4-amino- 20-40%,* 10 parts; 100-120° 3- 

boric acid 
1,4-Di-p-toluenesulfon- 20%,‘ boric acid 30-40° 6- 
amido-5-hydroxy- 

1,5-Dihydroxy~4,8-diamino- | 20%,° boric acid 100-120° 2- 
1,8-Dihydroxy-4,5-diamino- | 20%,® boric acid 100-120° 2- 


lvon Perger, J. prakt, Chem., {2} 18, 183 (1878). 

2 Bayer and Co., German pat., 161,035, Chem. Zentr., II, 283 (1905). 

% Héchster Farbwerke, German pat., 82,938, Frdl., 4, 329; Schultz and Eber, J. prakt. Chem., [2} 
74, 293 (1906). 

4 Bayer and Co., German pat., 170,113, Chem. Zentr., I, 1723 (1906). 

5 Bayer and Co., German pat., 117,892, ibid., I, 487 (1901). 

8 Bayer and Co., German pat., 117,893, ibid., I, 550 (1901). 

The sulfonation of 1-hydroxy-4-p-tolylaminoanthraquinone with 
sulfuric acid +? at 70-80° introduces the substituent in the 2-position. 
On the other hand, arylaminoanthraquinones not having the hydroxyl 


group sulfonate in the aryl group.***: 4 


SULFONATION OF PHENANTHRENE AND ITs DERIVATIVES 


The investigation of the sulfonation reactions of phenanthrene and 
its substitution products has encountered many difficulties, not only 
because of the number of the isomeric sulfonic acids formed but also 
because of the tendency of the metal sulfonates to form supersaturated 
solutions; this behavior renders separation by fractional crystallization 
very tedious if not impossible. In no instance has the preparation of 
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a pure disulfonic acid becn accomplished, although the nature of the 
compounds in the mixture has been ascertained indirectly. Apparently 
no attempt has been made to separate the phenanthrenesulfonic acids 
by way of their acid chlorides. It is possible that this might offer 
some advantages. , 

Sulfonation of Phenanthrene. Treating phenanthrene with sulfuric 
acid ®* at 100° or below produces a mixture of the 2-, 3-, and 9-sul- 
fonic acids. At somewhat higher temperatures (120-125°) the 9-sul- 
fonie acid disappears from the reaction mixture, probably because of 
rearrangement °° to the other isomers. This is rendered more reason- 
able by the fact that heating the ammonium phenanthrene-9-sulfonate 
at 250-260° gives a mixture of phenanthrene, ammonium phenan- 
threne-2-sulfonate, and a disulfonate.**#¢ At 60° and probably at 
other temperatures some of the 1-sulfonic acid is formed.*44 The 
monosulfonic acids are always accompanied by considerable amounts 
of disulfonation products which may be decreased by using 67-80% 
sulfuric acid ®?* instead of the concentrated reagent; this, however, 
necessitates a prolonged reaction time. From fractional crystallization 
of the ferrous and potassium salts of the monosulfonates obtained by 
sulfonation at 60°, Fieser *##4 was able to separate 18% yields of the 
2- and 3-sulfonic acids, 13% of the 9-, and 8% of the 1-isomers. These 
acids are all readily identified by means of their p-toluidine salts. 

Monosulfonation has also been brought about by the action of an 
equimolecular quantity of chlorosulfonic acid in boiling chloroform; *7 
only the 2- and 3-sulfonic acids were isolated from the reaction prod- 
uct, an 85% yield of the mixed lead sulfonates being obtained. 

The disulfonation of phenanthrene *****?® produces a complex mix- 
ture of acids which may contain as many as twelve isomers.®® Even 
the mixtures obtained by the further sulfonation of the pure 2- and 
3-sulfonic acids have so far resisted all attempts at separation. By 
conversion of the disulfonates into the corresponding phenanthradiols 
and fractionating the acetates of these, evidence was obtained as to 
the composition of the original mixtures. Assuming no rearrangements 
occur during the alkali fusions both the 2- and 3-sulfonic acids sub- 
stitute in the 6-, 7-, and 8-positions, yielding a total of five isomers. 
The 1- and 9-sulfonic acids have not been further sulfonated, and no 
sulfonic acid is known with a sulfo group in the 4-position. 

Sulfonation of Phenanthrene Derivatives. When 1-methy]-7-iso- 
propy!phenanthrene (retene) is heated with an equal weight of sulfuric 
acid at 100° for 5 minutes the so-called “A”-sulfonic acid results, while 
at 200° for 2 minutes there is formed the “B” isomer." The latter 
is the 6-isomer and the former is a mixture of the 2- and 6-com- 
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pounds.**°* Upon standing with cold oleum or sulfuric acid ®*° for sev- 
eral weeks a disulfonic acid results. Undoubtedly some other proce- 
dure would be much more convenient. Not enough is known concern- 
ing the directive influence of alkyl groups in the phenanthrene nucleus 
to hazard a guess as to the structure of the reaction product; however, 
one might expect more than one disulfonic acid to result from this 
reaction. At 100° a trisulfonic acid is produced.*?° From the action 
of nitric acid upon a solution of retene in 20% oleum ** there results 
a nitrosulfonic acid. 

In contrast to phenanthrene the 9-chloro- or 9-bromo- compound 
with sulfuric acid **? at 100° gives as high as 65-75% yields of one 
sulfonic acid, the 3-(or 6-) derivative. That it is the 3- or 6-compound 
follows from its reduction with zinc and ammonia to the phenanthrene- 
3-sulfonic acid. The bromosulfonic acid under the name of I-10- 
bromophenanthrene-3(or 6-)-sulfonic acid has been utilized in many 
investigations because of the interesting behavior of its aqueous solu- 
tions. Dilute solutions behave like those of any ordinary electrolyte 
while one which is more concentrated exhibits colloidal or anisotropic 
properties, depending upon the temperature and the exact concentra- 
tion employed. The change from colloidal to liquid crystal form oc- 
curs at a definite temperature for a solution of a given concentration.®”* 
The action of light ** upon an aqueous solution of the acid results in 
a viscosity change that was ascribed to the formation of a new com- 
pound of unknown structure. 

10-Chloro-9-hydroxyphenanthrene has been disulfonated by heating 
with sulfuric acid §5 at 100°. 

2-Bromophenanthrenequinone when heated with 4% oleum at 100° 
for 24 hours yields a monosulfonic acid while with 35% oleum at room 
temperature °° after two days disulfonation is complete. 2-Hydroxy- 
phenanthrenequinone has also been sulfonated.** The 2,7-diamino- 
and dianilinophenanthrenequinones yield sulfonic acids which are 
mordant dyes.®?? 


SULFONATION OF MISCELLANEOUS PoLycycLic ComMpouNnDs 


The colorations accompanying the sulfonation of high-molecular- 
weight hydrocarbons are believed *?* to be caused by the formation of 
sulfur trioxide complexes. Through the action of sulfuric acid in acetic 
anhydride, or of chlorosulfonic acid alone ®° or in chloroform solu- 
tion ®° fluorene yields the 2-sulfonic acid.*** Further sulfonation with 
chlorosulfonie acid or with four parts of sulfuric acid at 100° produces 
the 2,7-disulfonic acid; *? in this last reaction two other disulfonic 


MISCELLANEOUS POLYCYCLIC COMPOUNDS 313 


acids also result. The structure of the chief product has been deter- 
mined by fusion with alkali.8*° The probable structures of the two 
by-products are also indicated in the equation. 
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The sulfonic acid from 2,7-dibromofiuorene and chlorosulfonic acid ®*° 
is quite probably the 3-compound. Its structure has not been deter- 
mined, however. 

By heating fluorenone to 250-260° with sulfuric acid *** sulfonation 
is effected in the 2,7-positions as with fluorene. 

What might be considered as the next higher homolog of fluorene, 
9,10-dihydrophenanthrene, undergoes disulfonation readily when 
warmed with sulfuric acid ®** to 80°. Neither this compound nor the 
ones obtained from “abietene” °° and “abietanes” ®° have had their 
structures determined. 

Fluoranthene (idryl) when warmed with two parts of sulfuric 
acid ®87 at 100° yields a disulfonic acid. This is also true of pyrene *** 
and of 1,3,5-triphenylbenzene when pyrosulfuric acid ®*°* is the sul- 
fonating agent. The sulfonation of pyrene °° with chlorosulfonic 
acid in carbon tetrachloride or tetrachloroethylene at 0-5° gives a good 
yield of the light yellow 3-sulfonic acid. Various derivatives of the 
acid were prepared. Hydroxy derivatives of fluoranthene- and pyrene- 
sulfonic acids have also been mentioned.**°? By heating 2,2’-binaph- 
thyl to 200° with one-fifth of its weight of sulfuric acid two mono- 
sulfonic acids result while with oleum a tetrasulfonic acid is formed.®*% 
When 2,2’-dihydroxy-1,1’-binaphthy] is heated with 96% sulfuric acid 
a mixture of the 6-sulfonic acid and the 6,6’-disulfonic acid results.®*%? 
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The disulfonie acid is identical with that obtained by oxidation of 
2-naphthol-6-sulfonic acid with ferric chloride. Decacyclene sulfo- 
nates to a trisulfonic acid which is an acid dye.** 

Naphthacenequinone when treated with 18% oleum at 100° is con- 
verted into a sulfonic acid probably containing the sulfo group in the 
ring not attached to the keto linkages.§#+ 


The 11-hydroxy compound when treated with a large excess of sulfuric 
acid in the presence of boric acid at 140° followed by oleum at a high 
temperature is both oxidized and sulfonated,*** a 6,11-dihydroxysul- 
fonic acid resulting. Under less vigorous conditions only sulfonation 
may occur. 

The monosulfonation of 1,9-benzanthrone has been investigated in 
detail.*## The activation energy of this reaction is 27.4 keal. per 
mole, a value that holds for all concentrations and for the gaseous 
state. Benzanthrone reacts completely with 30% oleum at 150° in 
6 hours to give 81% of the a-sulfonic acid and 19% of the 8-isomer, 
separated as their barium salts.°##° The sulfonation of ms-benzan- 
throne has recently been studied by Pritchard and Simonsen.***¢ 

1,2-Benzanthraquinone has been monosulfonated by treatment with 
20% oleum ** to give the 4’-sulfonic acid. The sulfonation occurs 
more readily than for anthraquinone, since reaction occurs with 95% 
sulfuric acid at 100°. High and low temperatures give different 
sulfonic acids but the sulfo group is still in the “benzo” nucleus.***? 
2-(1,5-Dihydroxy-2-naphthoyl)-benzoic acid undergoes ring closure 
and sulfonation when treated with sulfuric acid and boric acid.§* 
Analogous reactions occur when 2-(3,6-dichloro-1-naphthoyl) -benzoic 
acid is warmed with sulfuric acid ** at 100° 


Ox r@) ls 
C He50, C 
see 
OH 


HO;S C. 
Cl Cl Cl Cl 


SULFONATION OF FURAN DERIVATIVES 315 


A chrysenequinonedisulfonic acid has been obtained by sulfonation 
of the quinone.**7* The preparation of amino, hydroxy,**? and nitro- 
chrysenesulfonic acids through sulfonation reactions has been pat- 
ented.*47%° A dicyanoperylene and the corresponding acid when 
warmed with sulfuric acid yield an imide and anhydride respectively.*** 
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SULFONATION oF HEreRocycLic CoMPpouNDs 


A considerable number of compounds of the aromatic type contain- 
ing one or more hetero atoms have been sulfonated. 

Sulfonation of Furan Derivatives. Although furan is unstable in 
the presence of even dilute acids, furoic acid is converted into a sul- 
fonic acid through the action of oleum at room temperature without 
extensive decomposition,**® substitution occurring in the 5-position. If 
this position is occupied as in 5-methylfuroic acid **° sulfonation pre- 
sumably occurs in the 3-position. 


Ha5O, ) S03H 
cusl Jooorr Bs CH3 0 COOH 


Interestingly enough it was not found possible to prepare a compound 
of the saccharin type from this last sulfonic acid, and more recently *°°° 
doubt has been expressed as to this structure and that of the other 
sulfonated 5-substituted furoic acids. 

The halogen derivatives of furoic acid sulfonate when the 3- or 
5-position is unoccupied. Thus 3-chlorofuroic acid reacts in the 
5-position, the 5-chloro compound yields the 3-sulfonic acid, the 3,4- 
dichloro compound the 5-sulfonic acid, and the 4,5-dichloro compound 
the 3-sulfonic acid.*5! The corresponding bromine derivatives behave: 
similarly *°° while the 3,5-dibromofuroic acid does not sulfonate in 
24 hours’ contact with oleum. After many days, however, decomposi- 
tion to bromomaleic acid becomes apparent. Tribromofuroiec acid in 
an analogous manner gives rise to dibromomaleic acid. 

A compound known as tetronic acid which in its dienol form is a 
furan derivative forms a sulfonic acid when warmed with oleum.**? 
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Phthalide may be looked upon as a ketodihydrobenzofuran. With 
20% oleum *°* at 100° it is converted into a sulfonic acid of unknown 
structure. 

Since dibenzofuran has no replaceable hydrogens on the furan ring 
the substitution reactions of this compound are those of a benzene 
derivative. By treating with an equimolecular amount of chlorosul- 
fonic acid *** in carbon tetrachloride at 25° for 1 hour an 89% yield 
of the sulfonic acid (as the sodium salt) results. It was claimed that 
the free acid was obtained by acidifying a solution of the sodium salt 
and cooling. Inasmuch as the resulting product melted above 300° it 
is doubtful if the acid was obtained. The structure of the sulfonation 
product was shown to be that indicated by converting it into the mer- 
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curi chloride by way of the sulfony] chloride and sulfinic acid. In a 
similar way the disulfonic acid obtained by the action of sulfuric acid 
on dibenzofuran *** was shown to be the 2,8-compound. It is possible 
that the mono and disulfonic acids obtained by the action of oleum °° 
upon 2,2’-dihydroxybipheny! are identical with the foregoing. 

A sulfonic acid of undetermined structure results from sulfonation 
of 3-nitrobenzofuran.**’7 The hexanitrodibenzofuransulfonic acid of 
Mailhe **8 does not exist.%58 

Sulfuric acid acts upon 2,2’-dihydroxybiphenyl-5 Sidicarborlic 
acid °° to give a sulfonic acid of the corresponding dibenzofuran. 
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The dinaphthofurans obtained from @- and @-naphthol react with 
either sulfuric ®*° or chlorosulfonic *** acid to give tetrasulfonic acids. 

Sulfonation of Benzopyran Derivatives. It was shown by Perkin *% 
that 2-ketobenzopyran (coumarin) and its 3-methyl homolog react 
with oleum at 100° to give monosulfonic acids, and the former at 160° 
yields a disulfonic acid. More recently ** it has been shown that the 
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monosulfonic acids are the 6-compounds and the disulfoniec acid is 
the 3,6-product. 6-Nitrocoumarin also sulfonates in the 3-position. 
4-Methyl-, 4,7-dimethyl-, 3,4,7-trimethyl-, and 4-methyl-7-methoxy- 
coumarin all sulfonate in the 6-position,®** while 4,6-dimethylcoumarin 
gives the 8-sulfonic acid. Chromones were found to sulfonate with 
much more difficulty than coumarin derivatives. 2,3-Dimethylchro- 
mone sulfonates in the 6-position. 

3-Phenylcoumarin has been converted into mono and disulfonic 
acids by the action of oleum,*® and 3,4-benzocoumarin with sulfuric 
acid 88 at 100° yields a disulfonic acid. 3,4-Dihydrobenzopyran 
(chroman) with sulfuric acid °°? gives a sulfonic acid which is prob- 
ably the 6-isomer. 

A number of naturally occurring flavone derivatives have been sul- 
fonated **8 but the structures of the resulting compounds were not 
determined. 

Sulfonation of Xanthene Derivatives. Little is known concerning 
sulfonic acids of this series. Upon warming xanthone with oleum 
a disulfonic acid is formed. Monosulfonic acids have been obtained 
from the xanthene derivatives °° whose formulas are shown. 
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Sulfonation of Thiophene and Thionaphthene, The thiophene nu- 
cleus sulfonates with ease, particularly when a position adjacent to 
the sulfur is open. Steinkopf and co-workers have prepared a num- 
ber of mono and disulfonation products of thiophene and its halogen 
and alkyl derivatives. The reactions are summarized in Table XXVI. 

The sulfonation of thionaphthene gives a mono and then a disulfonic 
acid; their structures are unknown.®"¢ Dibenzothiophene ®!? sulfo- 
nates successively in the 3- and 6-positions. 


8 ‘s 8 
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TABLE XXVI 
SuLFONATION OF THIOPHENE DERIVATIVES 

Reagent and Reaction Sulfonic Acid 

Compound Sulfonated Reference Conditions Formed 
Thiophene substituent 

None CISO3H?! ~10° 2-S0.Cl 
2-Sulfonyl chloride 7% oleum! 20-30° 2,4- and 2,5- 
2-Chloro- CISO3H? —~10° 5-SO.Cl 
2,3-Dichloro- CISO3IJ?— oj} i.e 5-SO.Cl 
2,3,4-Trichloro- CISO3H? —is|_ ln... 5-SO.Cl 
2,3,5-Trichloro- CiSO3H*— —isj_— tis... 4-S0.Cl 
2-Bromo- CiSO3H! Cold 5-SO-Cl, then 3,5-di- 
2,3-Dibromo- C\SO3H$ Cold 5-SO2Cl 
2,4-Dibromo- CISO3H? Cold 5-SO0.Cl 

33% Oleum* 20-30° 3,5-di 
2,5-Dibromo- Oleum? | ....... 3,4-Anhydride 
3,4-Dibromo- CISO3H! =—s]_— ia... 2-SO2C1 

33% Oleum jj ....... 2,5-di 
2-Iodo- CISO3H? ~15° 5-SO2Cl and 

2-C4H3S(SO2Cl) 

2-Iodo-5-chlorosulfonyl- | 339% Oleum! < 35° 3,5-di 
2,4-Dimethy]l- 33% Oleum® | ...... 3,5-di 
2,5-Dimethyl- 33% Oleum? | ...... 3,4-Anhydride 
2-Methyl-5-bromo- Oleumé | .,.... 3,4-Anhydride 


1 Steinkopf and Hépner, Ann., 601, 174 (1933). 

2 Steinkopf and Kéhler, Ann., 688, 250 (1937). 

3 Bteinkopf, Jacob, and Penz, Ann., 61%, 136 (1934). 

4 Steinkopf, Ann., 618, 281 (1935). 

It has been mentioned under sulfonation reactions of biphenyl] that 
this hydrocarbon and its derivatives give dibenzothiophene dioxide sul- 
fonic acids under some conditions. 

Sulfonation of Derivatives of Benzopyrrole, Phthalocyanine, and 
Carbazole, The pyrrole nucleus, like that of furan, is decomposed 
readily even by dilute acids. The presence of the carboxyl group re- 
sults in stabilization but apparently the resulting acids have not been 
sulfonated. This is also true for benzopyrrole (indole) but the sul- 
fonic acids of isatin and indigo are well known. Carbazole because of 
the presence of two benzene rings reacts toward sulfonating agents 
more like diphenylamine than a pyrrole derivative. 

The sulfonation of a-n-heptadecenylindole and alkylindoles has been 
described °77* but the nature of the products is uncertain. These com- 
pounds are wetting agents. 
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Isatin reacts with 20% oleum °7? at 100° to give the 5-sulfonic acid. 
Since indigo carmine on oxidation also yields this acid sulfonation of 
indigo occurs in the same position as for isatin. 

The sulfonation of indigo has been studied by many investigators.§78 
This has been due to its availability, the interest in the dycing proper- 
tics of the resulting sulfonic acids, and the fact that sulfonation is a 
step in one procedure for the analysis of indigo. Shaking one part of 
indigo with twenty parts of sulfuric acid and ten parts of sand yields 
the monosulfonic acid.§7*¢ This is soluble in hot water but gives a 
very insoluble potassium salt. With this same excess of sulfuric acid 
at 100° there results the disulfonic acid,*?*® whereas at 120-130° a 
much smaller quantity of acid suffices.*7* The sulfo groups have been 
shown to be para to the nitrogens.*7* Warming 10 g. of indigo with 
100 g. of 15% oleum at 45-55° yields a trisulfonic acid 874¢ while with 
20-50% oleum at 100-110° a tctrasulfonic acid results.874%87? The 
potassium salt separates from water as red crystals. The positions of 
the last two sulfonic acid groups are known since the isatindisulfonic 
acid formed upon oxidation yields with bromine 5,7-dibromoisatin and 
2,4,6-tribromoaniline.*’® Indigosulfonic acids with the sulfo group 
meta to nitrogen have been made by other methods.’7?> A number of 
chlorine-containing indigosulfonic acids have been made by the action 
of 60% olecum ** upon chloroarylglycines, followed by oxidation. 

Phthalocyanines may be regarded as benzopyrrole derivatives. 
Heating with chlorosulfonic acid converts them into sulfonyl chlo- 
rides.88? 

Only one of the various sulfonic acids obtained by the sulfonation 
of carbazole or its derivatives seems to have had its structure un- 
equivocally established. In other instances reasonable surmises may 
be made ®* as to the positions occupied by the sulfo groups. Carbazole 
is little affected by sulfuric acid at room temperature °°? but at 70-75° 
treating 20 g. of carbazole with 12.5 g. of acid °*-°85 produces a mixture 
of di and trisulfonic acids together with unchanged carbazole. No 
monosulfonic acid was isolated, probably because the excess sulfuric 
acid was removed as barium sulfate, the barium salt of the monosul- 
fonic acid also being little soluble in water. The preparation of carba- 
zole-3-sulfonic acid *°*¢ may be effected satisfactorily by the use of 
100% sulfuric acid 4? at 100°, by chlorosulfonie acid in nitroben- 
zene,®*° or by 20% oleum in the same solvent.*° Isolation of the free 
sulfonic acid is best accomplished by precipitation from its aqueous 
solution by hydrochloric acid. The sodium salt is readily soluble in 
hot water but only slightly so in the cold. 
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By variation of the reaction conditions at least three carbazoledisul- 
fonic acids are obtainable.*8’* Carbazole-2,7-disulfonic acid has been 
made 587° by heating 3,3’-diaminobipheny]-5,5’-disulfonic acid with a 
salt solution to about 150° but this has not been compared with the 
sulfonation products of carbazole. 
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Judging by the reported difference in the solubilities of their potassium 
salts there are two carbazoletrisulfonic acids; one is produced by the 
action of a mixture of sulfuric acid and oleum,5%* the other with sul- 
furic acid in the presence of a mercury catalyst.°8° Sulfonation of 
carbazole with oleum produces a tetrasulfonic acid.®®* In more recent 
patents ®°°* this has been assigned the accompanying structural for- 
mula. 
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The 9-methyl- and 9-ethylcarbazoles have been sulfonated by meth- 
ods already described for carbazole itself.9***8* A 9-n-butylcarbazole- 
sulfonic acid has also been described.**°® The sulfo group probably 
enters para to nitrogen in each instance. 

A number of nitrocarbazoles have been converted into sulfonic acids. 
Monosulfonation of 3-nitrocarbazole has been effected by chlorosul- 
fonic acid in nitrobenzene,®** and disulfonation by 67% sulfuric acid °°" 
at 130-140°. 3,6-Dinitrocarbazole gives rise to two mono- and two 
disulfonic acids.°°? Tri and tetranitrocarbazole sulfonic acids have 
been obtained by nitration of the sulfonic acids.*8 58° 3-Nitro-9-meth- 
ylearbazole has been sulfonated by chlorosulfonic acid in nitroben- 
zene.®%t 

Sulfonation of Pyridine. The introduction of a sulfo group into the 
pyridine nucleus occurs with great difficulty. By refluxing a sulfuric 
acid-pyridine mixture 30-40 hours, or by heating in a sealed tube for 
a shorter time ®* a small yield of the 3-sulfonic acid results. An im- 
proved procedure is to distil a pyridine-100% sulfuric acid mixture 
slowly.°** According to more recent work ®** this gives a 13% yield 
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of the 3-sulfonic acid provided 5-10% oleum is used as the sulfonating 
agent. 

While no reaction occurs below 300° without a catalyst, in the pres- 
ence of mercuric sulfate °° at 225° sulfonation occurs in the 3-position, 
whereas at 350° the 2-sulfonic acid is also present ®° to the extent of 
about 1%. Separation of the two products was found to be very diffi- 
cult, only the 3-isomer being obtained in a pure state. Vanadium sul- 
fate did not appreciably catalyze the sulfonation. Heating piperi- 
dine ®°7¢ with sulfuric acid produces some pyridine-3,5-disulfonic acid 
in addition to the 3-sulfonic acid. 

Heating 3-hydroxypyridine with five times its weight of 100% sul- 
furic acid and a vanadyl sulfate catalyst produces 3-hydroxypyridine- 
2-sulfonic acid,*°’* also prepared by diazotization of the amino com- 
pound. 

2-Aminopyridine reacts with 10% oleum *7.88¢ to give what is 
probably the 5-sulfonic acid. Chlorosulfonic acid sulfonates 3-amino- 
pyridine ®*? in the 2- or 6-position as the resulting aminosulfonic acid 
may be converted into pyridine-2-sulfonic acid by loss of the amino 
group. 

Nitrogen-substituted pyridones react with chlorosulfonic acid ® to 
produce 5-sulfonic acids. 

Sulfonation of Quinoline and Derivatives. As might be expected 
from the difficulty encountered in sulfonating pyridine, in quinoline 
substitution reactions the benzene nucleus is the one attacked. Sul- 
furic acid does not react with quinoline at 100°, sulfonation beginning 
at 220-230° with formation of the 8-sulfonic acid. At 300° a good 
yield of the 6-sulfonic acid results. As might be expected from these 
observations, the 8-sulfonic acid rearranges to the 6-isomer at 300°. 

Heating quinoline with 10-20% oleum*®™ gives a mixture of the 
5-, 7-, and 8-sulfonic acids at 125-130° whereas at 170-180° only the 
5- and 8-compounds remain; more than one-half of the mixture is 
the latter.°°? By long heating of the monosulfonic acids with oleum in 
a sealed tube disulfonic acids result.°% 

8-Methylquinoline reacts with oleum to yield the 5-sulfonic acid 
while the 6-methy] compound is converted into the 8-sulfonic acid.°™* 

When 8-hydroxyquinoline stands with oleum at a low tempera- 
ture °°2,°95 sulfonation occurs in the 5-position. The same is true for 
8-ethoxyquinoline.°°? The 7-iodo derivative of the hydroxysulfonic 
acid has found use in chemotherapy under the name of Yatren and 
the ethoxysulfonic acid is reported as useful in ophthalmology. 

5-Chloro-8-hydroxyquinoline is sulfonated by oleum,** probably in 
the 7-position. 
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More recently °°? the sulfonation of 5-, 6-, 7-, and 8-aminoquinolines 
has been reported; the substitutions occurred only in the benzene ring. 
The reagent was 25-40% oleum. The results are summarized below. 


TABLE XXVII 


ComPounpD Sutronic Acin(s) 
5-Aminoquinoline 6-, 8-, and 6,8-di 
6-Aminoquinoline 5- 
7-Aminoquinoline 8 
8-Aminoquinoline 5-, and 5,7-di 


Treatment of 7,8-benzoquinoline with cold oleum °°? results in for- 
mation of what is probably the benzo[h]quinoline-5- or 7-sulfonic 
acid. The 7-sulfonic acid has been converted into a disulfonic acid 
of unknown structure.°°8? 

Sulfonation of Derivatives of Acridine. Acridine has apparently 
not been sulfonated. However, the action of sulfuric acid upon N-ace- 
tyldiphenylamine yields a methylacridinetetrasulfonic acid.*°® Quite 
possibly ring closure occurs before sulfonation. 4-Hydroxyacridine 
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with oleum (5%) at 8° for 24 hours °° yields the 1-sulfonic acid. By 
heating a solution of acridone or phenylanthranilic acid in sulfuric 
acid °° at 50-100° for one-half hour a high yield of acridone-2-sul- 
fonic acid may be obtained. This is convertible into various deriva- 
tives of acridine. 

The action of 20% oleum upon 6-nitroacridone *” gives 97% of the 
2-sulfonic acid, isolated as the sodium salt. The structure of the acid 
follows from its synthesis by condensation of 2-chloro-4-nitrobenzoic 
acid with sulfanilic acid in the presence of copper and potassium car- 
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It is also obtained by sulfonation of 5-nitrodiphenylamine-2-carboxylic 
acid. 


on i 
fo 
oe Cc 
B80, O3H 
—> 
O2N! O2N 
N 
N H 
H 


Sulfonation of Imidazoles. Imidazole sulfonates with great diffi- 
culty; however, by the use of 50-60% oleum *?% at 160° an 83% yield 
of what is the 4- (or 5) sulfonic acid results.*1!® 2-Methylimidazole °? 
and the 4- (or 5) isomer *4}> have also been sulfonated. Small quan- 
tities of disulfonic acids were obtained from both imidazole and the 
2-methyl homolog. 

Sulfonation of Isoxazoles, Oxazoles, and Thiazoles. The action of 
excess chlorosulfonie acid at the boiling point upon 3- and 5-methyl- 
isoxazoles gives a mixture in each instance of the 4-sulfony] chloride 
and sulfonic acid.*!** A similar treatment of 3,5-dimethylisoxazole 
gave only the sulfonic acid. The free acids and a number of salts 
were prepared. 4-Methylthiazole has been converted into the 5-sul- 
fonic acid by treatment with oleum.*!** Treatment of benzoxazolone 
with chlorosulfonic acid at 60° gives 50-60% of the 5-sulfony!] chlo- 
ride.§18¢ 

Sulfonation of 2-N-Pheny]-1,2-naphtho-1,2,3-triazole. In an exten- 
sive investigation of the similarities of the 2-N-phenylnaphthotriazole 
and phenanthrene systems of compounds it was found ®* that the for- 
mer compound when heated with 20% of its weight of sulfuric acid at 
180° produced the 4-sulfonic acid whereas with excess of the sulfonat~ 
ing agent a disulfonic acid was formed.®** 


S0O3H 


N F804 N 
SS 
N—NCeHs N—NCeHs 


Sulfonation of Alkaloids. The alkaloids containing an open position 
para to a methoxy or hydroxy group may be sulfonated by the use of 
sulfuric acid °° below 10°. Papaverine *!**” yields a monosulfonic 
acid, reaction probably occurring in the 6’-position. Narcotine with 
sulfuric acid in acetic anhydride solution is also monosulfonated.®!* 


324 THE PREPARATION OF AROMATIC SULFONIC ACIDS 


CH307% 
CHO, 
ve 
HO387 
~ /OCHs 
OCHs3 


Although no morphinesulfonic acid can be obtained by direct substitu- 
tion a number of related compounds have been sulfonated.*#® Codeine 
N-oxide gives with sulfuric acid in acetic anhydride two isomeric sul- 
fonic acids.*2° Tetrahydro-«-methylmorphimethine ®** and sinome- 
nine *!¢ behave similarly. Although it is not closely related to mor- 
phine structurally it may be mentioned that apomorphine has also 
been sulfonated.®!¢ 

The ease with which quinine and its derivatives are converted into 
“sulfonic acids,” and the rapidity with which the acids hydrolyze has 
led to the belief that they are not true sulfonic acids but acid esters 
of the alcohol group present in the alkaloids.°?? 
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B. SULFONIC ACIDS FROM SULFITE REACTIONS * 


There are a number of interesting and in some instances valuable 
methods for obtaining sulfonic acids which depend upon the reactions 
of various types of compounds with sulfurous acid or sulfites. Since 
a sulfonic acid may be considered to be a derivative of sulfuric acid 
all of these reactions involve oxidation of the sulfur and it is conven- 
ient to group them together. 

Reaction of Sulfites with Phenols. On the assumption that phenolic 
compounds might act in their keto form Fuchs and Elsner’ heated 
hydroquinone, resorcinol,? pyrogallol, hydroxyhydroquinone,’ and 
phloroglucinol * with sodium bisulfite solution ranging over periods up 
to two weeks. Reaction occurred with each compound but only for 
resorcinol was an aromatic sulfonic acid obtained, and here only when 
the primary addition product was decomposed by successive treat- 
ments with base and acid. The product was later® shown to be 
phenol-m-sulfonic acid. The mechanism by which this is formed is 
still uncertain. Phenol itself does not react with sodium bisulfite.?° 

Reaction of Sulfites with Quinones, Treatment of benzoquinone 
with sulfurous acid® gives as the chief products hydroquinone and 
sulfuric acid, but there is also formed about 20% of hydroquinonesul- 
fonic acid. A quantitative study of this reaction’ and that of some 
substituted quinones with sulfurous acid to which varying amounts of 
sodium hydroxide had been added showed that the greatest amount of 
sulfonic acid formation occurred when a mixture of sodium sulfite and 
sodium bisulfite was present. Some of Dodgson’s? results are pre- 
sented in Table XXVIII. 


* References for this section on p. 368. 
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TABLE XXVIII 


REACTION OF QUINONES WITH SULFITE 


Quinone Moles NaOH per Mole of SO; 
0.0 1.0 1.5 2.5 
i neciuinens reduction, %.............. a 78 3.2 3.5 
- qu ‘ealfonaticn Doe 8 gee Giese Be 22; 20 80 40 
Toluqui reduction, %............5- 75 6.3 3.0 
iri cae ainaccn. ee ou .. 58 } 44 } 
Xyloqui reduction, %............-- 83 61 at 
vee abo jealanauce ren 17} 1. AA 52 
2,3-Dimethyl-p- reduction, %........00.06- 77 48 6.5 
benzoquinone Repeats Torin dutnaiol tees at .. 48 } 51 } 
‘ reduction, %........-..--. 86 ss 9.4 3.8 
Chsier: bensoquinone |" ifonation, Do iiikcuiaidse tnd fee a 81 } 60 } 


When two or more halogens are present in the quinone nucleus the 
reaction is complicated by a removal of the halogen and formation of 
disulfonic acids. Quantitative results are again available for two di- 
chloroquinones.? Here sulfonation, %, refers to one sulfonic acid 


TABLE XXIX 
DicHLOROQUINONES AND SULFITE 
Compound Moles NaOH per Mole of oo 
0.0 1.0 1.5 
reduction, %....... 76 45 24 - 
2,5-Dichloro-1,4-benzoquinone { sulfonation, %...... 34 98 164 189 
one Cl removed, %.. 10.6 44 104 127 
reduction, %....... 83 60 15 11.4 
2,6-Dichloro-1,4-benzoquinone j sulfonation, %...... 18 58 172 172 
one Cl removed, %. . 0.4 18 93 122 


group so that values above 100 indicate disulfonation. With tetra- 
chloroquinone ® the reaction with sulfurous acid occurs as follows. 


CeCl402 + H2803 + H20 — CeCls(OH)2803H + H2SO,4 + HC! 
The barium salt of each sulfonic acid formed in the above reactions 
was isolated and described. 

Shaking a benzene solution of tetrabromo-o-benzoquinone with po- 
tassium sulfite solution ® at room temperature yields a dibromocate- 
choldisulfonate. At a temperature above 50° a compound, CaH30s- 
(SOsK)s5, of unknown structure resulted. Some unknown factor con- 
trolled the formation of this, however, and part of the time it could 
not be prepared. 

The formation of hydroquinonemono and catecholdisulfonates when 
the corresponding phenols are treated with an alkali sulfite in the 
presence of lead dioxide, cupric hydroxide, or silver bromide} un- 
doubtedly proceeds through the step of quinone formation and hence 
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belongs in this discussion. After two sulfonic.acid groups are intro- 
duced oxidation to a quinone no longer occurs with mild oxidizing 
agents and the compound is therefore not a photographic developer. 

Heating a mixture of 2-naphthol and sodium sulfite with copper 
oxide preferably in alkaline solution gives sodium 2-naphthol-1-sul- 
fonate and naphthol oxidation products. The yield of sulfonate is 
much improved by the use of manganese dioxide in neutral solution. 
The sulfonation has also been effected with 2-hydroxy-3-naphthoic 
acid, 2-naphthol-6-sulfonic acid,? the 4- and 7-sulfonie acids, and 
the 3,6-disulfonic acid,?°* but no change occurs with compounds al- 
ready having a sulfo group in the 1-position.°’ The mechanism of the 
reaction is not yet clear, although it probably involves the action of 
sulfite ion with an oxidation product of the naphthol. 

The reaction of sodium bisulfite upon 1,2-anthraquinone followed by 
chromic acid oxidation yields the 4-sulfonic acid. 


O O 


| Oo OH | oO 
Vi * \\OH VA 
NaHSOs CrO3 
> | —> 
Wa 
SO3Na 


SO3Na 


p-Phenylenediamine may also be sulfonated by the action of a 
sulfite with silver bromide but here lead dioxide did not give good 
results.13¢ Potassium dichromate?” in dilute acetic acid solution has 
also been used as an oxidizing agent in this reaction. 

The sulfonic acids derived from strychnine and brucine have been 
carefully investigated over a period of nearly thirty years. They are 
obtained by treating the alkaloid with sulfurous acid and manganese 
dioxide.** In this manner brucine and strychnine each yield four iso- 
meric monosulfonic acids. These are believed to be for each alkaloid 
the two stereoisomeric forms of two structural isomers. Substitution 
probably occurs in a benzene ring. Degradation reactions of these 
acids have been extensively investigated. 

Lignosulfonic Acids. In connection with the results obtained by 
the action of sulfites upon phenols and quinones there should be men- 
tioned the sulfonic acids formed in the removal of lignin from wood in 
the sulfite process for making paper. Much labor has been expended 
in attempts to elucidate the structure of these acids without anything 
approaching complete success having been attained.*® There are two 
views extant as to the nature of the lignosulfonic acids. One is that 
the bisulfite reacts with phenolic compounds in their tautomeric keto 
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forms '* much as it does with resorcinol. The other and more probable 
is that the sulfite has added to a double bond,’ this probably being 
conjugated with a carbony!] group in a side chain of the cinnamic 
aldehyde type. 

Recent investigators '®* believe that a complex mixture of sulfonic 
acids results in the sulfite process although others **?®> claimed the 
isolation of pure products. The sulfonic acid (or acids) precipitated 
by 8-naphthylamine is referred to as a-ligninsulfonic acid and that 
(or those) remaining in solution as the 8-compound. According to 
Klason !? the least sulfite ever found in combination gives a compound 
with the formula CzoH3009-H2SOs while complete reaction yields 
Cyo0H3903H2SO3. The ordinary ¢-lignosulfonic acid has the approxi- 
mate formula CyoH420¢(SO3H) 2.18 The products obtained under vari- 
ous conditions have been described by Hibbert and co-workers.'* 

Reaction of Azo and Nitroso Compounds with Bisulfites. Certain 
nitrogen derivatives of phenols and naphthols which may exist in the 
form of the tautomeric quinone derivatives are converted into sulfonic 
acids through treatment with sodium bisulfite. Thus 1-nitroso-2- 
naphthol gives rise to the sulfonic acid ?® shown in the equation. 


NOH 
NO | oo NHe 
OH 7 4 NaHs0; OH 
= ———> 
\ 
SO3H 


The mechanism of this reaction has more recently received consider- 
able attention. The nitrosonaphthol, its 6-sulfonic acid, and the 
O-methy] ether of the oxime all yield definite addition products with 
sodium bisulfite.2° This is also true for 4-nitroso-1-naphthol but 
not for the 2-nitroso compound. The bisulfite addition product of 
1-nitroso-2-naphthol upon treatment with any one of a number of 
reducing agents 21 is converted into the sulfonic acid already men- 
tioned. The most satisfactory explanation of this and other reactions 
of this addition product is to assume that it corresponds to one or 
more of the tautomeric forms indicated. 


’ s0;Na H SOsNa 
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The last of these and possibly the others might be expected to reduce 
to the aminosulfonic acid actually formed. The reaction of 4-nitroso- 
1-naphthol can be formulated ae 


C= ™ ceeene : 
M OH NOH 


This explanation of the step preceding the reduction agrees very well 
with the observation that 1-nitroso-2-hydroxy-3-naphthoic acid loses 
carbon dioxide during reduction with sodium bisulfite.?* 


NOH 
| 0 HNOH 
Lie Va le OH 
NN He \ 
SO;Na 
H SO:Na 


As might be expected, if the acid is converted into an anilide or ester, 
elimination of the group does not occur.*** On the other hand the 
chlorine atom in 3-chloro-1-nitrosu-2-naphthol is lost °* during treat- ' 
ment with bisulfite. 


NOH 
‘fa @ 

| NaHSO; 
KK ool 


OY-OF 


NaO38 H SO3Na SOsNa 
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5-Nitroso-6-hydroxyquinoline reacts just as its naphthol analog does 
toward sodium bisulfite.?#? 


NOH 
oe I NHez 
HO” »’ nauso, HO 
= EEE 
NN \ 
N HO:3S N 


The conversion of 1-phenylimino-2-naphthoquinone into a sulfonic 
acid by the action of sodium bisulfite ** is analogous to the foregoing. 


N—CoHs N—CoHs HNCoHs 
I p i yf | 
Ve ous: Va G Va OH 
——— — 
N He N 
SOsNa 
H  S03Na 


The same mechanism may again be applied to the reactions of hy- 
droxyazo dyes,”* including those derived from 5-hydroxyquinoline.?*? 
These reactions are closely related to Bucherer’s 2° method for replac- 
ing a hydroxy by an amino group through the action of ammonium 
sulfite, and the reverse reaction of converting the amine to the naph- 
thol with sodium bisulfite, since both apparently involve the reaction 
of the keto forms of the naphthols. 

In the cleavage of certain p-hydroxybenzeneazo dyes with ammo- 
nium sulfite Engel believed 2” that one of the reaction products was 
an N-disulfonate with the accompanying formula. In the light of the 


a 
NH, 


behavior of the naphthol compounds this may actually be the isomeric 
sulfonic acid with one sulfo group attached to the nucleus. This is 
supported by the observation that a sulfonic acid resulted upon hy- 
drolysis of the supposed N-disulfonate with hydrochloric acid. Since 
N-sulfonic acids do not in general undergo rearrangements under hy- 
drolytic conditions,?" N-disulfonic acids would hardly be expected to. 
The cleavage reaction may then be written as follows, the percentages 
of the various reaction products as reported by Engel 2” being included. 
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O 
OH | OH 
COONH, COONH, (NH,):803 H4NO3 COONH, 
= Batata 
N==NCe6Hs | NHSO3NH4 
NNHCeHs 58.4% 
OH 
OON 
+ CeHsNHe + CeHsNHSOsNH, 
65.2% 34.8% 
NHSO3sNH4 
41.6% 


Reaction of Nitro Compounds with Sulfites; the Piria Reaction. 
Refluxing aromatic nitro compounds with a metal sulfite 2* results in 
the production of an arylaminosulfonic (arylsulfamic) acid or its sul- 
fonation product or both. Boiling this mixture with dilute acid yields 
the amine and aminesulfonic acid. 


NHSO3Na NHSO3Na 


Pease 


SO3Na SO3Na 


In some cases, notably in the naphthalene series, disulfonation may 
result, and in at least one reaction,®® that of nitrobenzene with sodium 
sulfite, an aminophenolsulfonic acid results in 50% yield under one set 
of reaction conditions. 


NO. 
Vs 
"30-20% Sol” Sol. Zonet 


These reduction and sulfonation reactions, followed by acid hydrolysis, 
have been referred to by Hunter and Sprung *! as the Piria reaction. 
Most of the interest in this complicated transformation has been from 
the standpoint of possible application in the preparation of dye inter- 
mediates.*? The mechanism of the nuclear sulfonation is not known. 
It is evident that this occurs before the hydrolysis with acid, however, 
since the arylaminosulfonic acids do not rearrange to nuclear sulfonic 
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acids under this treatment. The fact that nitroso and azo compounds 
give sulfonation products, as has been noted in the preceding section, 
may mean that all these reactions have one or more steps in common. 

Heating nitrobenzene with ammonium sulfite solution *4 gives a 
small yield of ammonium phenylaminosulfonate. A larger amount of 
the sodium salt of this and other arylaminosulfonic acids results by 
heating the nitro compound with three moles of sodium bisulfite and 
one of sodium sulfite *¢ in dilute aqueous solution. In this procedure 
the ratio of arylaminosulfonic acid to sulfoarylaminosulfonic acid va- 
ries greatly with the substituent present in the aromatic ring, and also 
varics to some extent for any one nitro compound, depending upon the 
alkalinity of the sulfite solution.s®> Thus with p-nitrotoluene, I is a 
minor product, II being formed in larger amount, while for nitroben- 
zene 60% of the reaction product is III and the remainder IV. 


HNSO3Na HNSO3Na HNSO3Na HNSO3Na 


os O O 


ocsa 


A ree of the two aes is Facer obtained ee o- and 
p-chloronitrobenzene, o-nitrotoluene, p-nitrophenetole, o-nitroanisole, 
and p-nitrobenzoic acid. On the other hand p-acetaminonitroben- 
zene ** and its methyl and methoxy derivatives give quantitatively the 
N-sulfonic acids which are not sulfonated in the nucleus. p-Dimethyl- 
aminonitrobenzene apparently reacts similarly, but the products were 
found to be too soluble to isolate satisfactorily. The N-benzylnitrani- 
lines do not react with sodium bisulfite. m-Nitraniline and the para 
isomer are reported to give the products shown. 


NHe NHe NHe 
NaHSO, HCI+H:0 + H2S0, 
SO3sH O3H 
NOz NHSO3H NH2z 


o-Nitraniline gives only the N-sulfonic acid. 

The behavior of m-dinitrobenzene is interesting. At a low tempera- 
ture with sodium bisulfite solution the product is m-nitrophenylamino- 
sulfonic acid (as the sodium salt), whereas if the reaction solution is 
boiled and sodium sulfite is added both nitro groups are reduced 
to give sodium m-phenylenedi-(aminosulfonate), CsH,(NHSO,Na) >. 
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Using sodium sulfite alone, 3-nitro-4-sulfophenylaminosulfonic acid 
has been identified *°* as one of the reaction products. The reduction 
of 5-nitrosalicylic acid is unusual in that a disulfonic acid results from 
the action of a large excess of sodium sulfite.*®> Attempts to get a 
pure monosulfonic acid were unsuccessful, a mixture containing di- 
hydroxy and disulfo compounds resulting. 


OH OH 
COOH y,,s0, COOH 
— 
NaQ38 OsNa 
NOg NHe 


The first application of the Piria reaction in the naphthalene series 
was by the discoverer of this method of sulfonation and reduction.” 
a-Nitronaphthalene with ammonium sulfite gives ammonium naphthi- 
onate and e-naphthylaminosulfonie acid. Using sodium bisulfite an 
80% yield of 1-naphthylamine-2,4-disulfonic acid has been reported.*® 

Refluxing 20 g. of 1,8-dinitronaphthalene with 267 g. of 30% sodium 
bisulfite until it practically all dissolves (about 17 hours) produces a 
mixture of sulfonic acids.*”7_ Among these are 1,8-diaminonaphthalene- 
2,4,5-trisulfonic acid and the sulfite addition product of 1-amino-8- 
naphthol-2,4,5-trisulfonic acid. With sodium bisulfite to which am- 
monia has been added there result chiefly 1-aminonaphthalene-4,7- 
disulfonic acid and the sulfite of 1-amino-8-naphthol-4,5-disulfonie 
acid. 

Heating 1-nitrobenzanthrone with sodium bisulfite solution gives the 
1-amino-2-sulfonic acid.®* 

In an effort to standardize the conditions for the Piria reaction 
Hunter and Sprung *? investigated the effect of a given set of reaction 
conditions upon a number of nitro compounds. These conditions con- 
sisted of the treatment of one mole of nitro compound with a 75% 
excess of sodium bisulfite over the three moles necessary to produce 
complete reduction. Enough 5 N alkali was added to a 2.6 M solution 
of the bisulfite to neutralize one-fourth of it. The nitro compound 
was refiuxed with the stirred solution until the mixture became homo- 
geneous, This was then evaporated to one-half its volume and 250 ml. 
of 12 N hydrochloric acid added. Hydrolysis was usually complete 
after 2 hours or less of boiling the acid solution. The results obtained 
are summarized in Table XXX. 

Reaction of Sulfites with Halo and Nitro Groups; Replacement. 
The reaction of an alky! halide with a sulfite is one of the best meth- 
ods for preparing aliphatic sulfonic acids but in the aromatic series 
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TABLE XXX 
Action or SuuFrre on Nitro Compounps 
Reduction Amine Iso- Arylaminesulfonic 
Nitro Compound Time, Hours lated, % Acid(s), % 
CeHsNO2 1.25 26 Sulfanilic, 27 
1-C\oH7;NO2 5 2 Naphthionic, 25; 1-naph- 
thylamine-2,4-disul fonic, 
66 
2-CHsCeH.«NO?2 12 40(+12% of 4-Sulfonic, 34 
ArNHSO;Na) 
4-CHsCsHs.NO2 5 72 2-Sulfonic, 11 
2,5-(CH3)2CasHsNO2 171 60 4-Sulfonic, 16 
4-NO2-CsH«COOH 4.5 21 3-Sulfonic, 61 
4-NO2-C,H,OH 11 «3 3-Sulfonic, 14 


1 Three times norma] amount of water used. Ordinarily 1250 ml. of water was added to the reduo- 
tion mixture before refluxing. 
this procedure is of little value because of the relative inertness of 
halogen when attached to an aromatic ring. However, in a few com- 
pounds the reactivity of halogen and occasionally the nitro group is 
sufficient for conversion to the sulfonic acid to occur with ease; this 
depends upon the presence of nitro or carbonyl groups in the ortho or 
para position. 

Bromobenzene reacts with aqueous sodium sulfite in the presence 
of copper sulfate ** if the reaction mixture is heated to 180~200° in a 
sealed tube for 7 hours. p-Bromotoluene behaves analogously. So- 
dium o-bromobenzenesulfonate reacts at 120-130° while the meta iso- 
mer requires a temperature of 170-180°. With the o- and m-bromo- 
cinnamic acids *° addition to the double bond as well as replacement 
of the bromine occurs. The sulfo group in the side chain may be re- 
moved by alkali, however, without affecting the nuclear sulfonic acid. 

The chlorine of o-chlorobenzaldehyde may be replaced by a sulfo 
group without a copper catalyst if the reaction is carried out at high 
temperatures and pressures.“ 4-Chloro-2’-carboxybenzophenone re- 
acts with sodium sulfite solution in the presence’ of cupric ions **? at 
temperatures above 100°. The 3,4-dichloro compound behaves simi- 
larly.*1¢ 

When 2,4,6-trichlorophenol is heated with a saturated aqueous so- 
lution **¢ of potassium sulfite under pressure at 170° first one and then 
the other of the chlorines ortho to hydroxy] are replaced by a sulfonate 
group. Some of the halonaphthols show anomalous reactions with sul- 
fites.*?® Thus 3-chloro-2-naphthol yields the 4-sulfo-2-naphthol and 
1,3-dichloro-2-naphthol is converted into 2-naphthol-3-sulfonic acid. 
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Quite possibly an intermediate step in these reactions involves the keto 
forms of the naphthols, but it is difficult to utilize this idea in the 
reaction of the dichloro compound. 


Hz O H. 
on CY) vaso, 7 OH 
ene —_ 
ro WAY 
: S0sNa 
NaO;S “H 
H © 
Cl Sy p 
oH 7% aa OH 
= —_—_ 
1 & Lec S03K 
Nass 
170 
a ois 
\ 
SOsK 


It has already been noted that ortho and para chloronitrobenzenes 
are reduced to chlorophenylaminosulfonates by the action of sulfites. 
Certain other halonitro compounds, however, react to give good yields 
of sulfonic acids by replacement reactions. Thus 2-chloro-5-nitro- 
benzaldehyde *® reacts rapidly with boiling aqueous sodium sulfite. 


CHO CHO 
1 Na803 O3N 
— 
O2N OoN' 


& 
+ NaCl 


2,4-Dinitrochlorobenzene reacts with sodium sulfite in aqueous-alcohol 
solution ** to give sodium 2,4-dinitrobenzenesulfonate. When 3,4-di- 
nitrochlorobenzene is treated in an analogous manner *® a nitro group 
is replaced. 


Cl Cl 


+ Na2S03 — + NaNO2 
Oa OsNa 


NOz NO2 
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Refluxing sodium 3-nitro-4-chlorobenzenesulfonate with aqueous so- 
dium sulfite ** replaces the halogen with a sulfonate group. Picryl 
chloride reacts with alcoholic sodium bisulfite ** to yield the trinitro- 
sulfonic acid. 

A few sulfonic acids of polycyclic compounds have also been ob- 
tained by replacement reactions. Heating 9,10-dichloroanthracene in 
an autoclave with sodium sulfite *”* produces the corresponding disul- 
fonic acid. The trisulfonate has been obtained ‘7° from 9,10-dichloro- 
anthracene-2-sulfonic acid. The bromine of 10-bromophenanthrene 
reacts with sodium sulfite solution with great difficulty, possibly be- 
cause of the immiscibility of the reactants, while 10-bromophenan- 
threnec-3-sulfonate is converted into the disulfonate *”® at 260-270°. 

9-Nitroanthracene reacts readily with sodium sulfite solution ** to 
produce the corresponding sulfonic acid. Remarkably enough, 1-nitro- 
anthraquinone may be converted into the sulfonic acid by refluxing 
with 9% sodium sulfite solution for two days.*°* Likewise the 1-nitro- 
and the 1,5- and 1,8-dinitro-2-methylanthraquinones react with sodium 
bisulfite in the presence of copper with replacement of the nitro 
groups.*°® 2,3-Dichloro-1,4-diaminoanthraquinone has been converted 
into mono °° and disulfonic ** acids by reaction with sulfites. 

Several halogenated heterocyclic compounds have been studied. 
2-Chlorobenzoxazole or benzothiazole when treated with sodium sul- 
fite gives the corresponding sulfonate.*?* Treatment of 2,3,5-trichloro- 
pyridine or 3,4,5-trichloropyridine with sodium bisulfite 5? gives a di- 
chloropyridinesulfonic acid, the chlorines in the 2- or 4-position re- 
acting readily. Quinoline-2-sulfonic acid and its 3-methyl derivative 
are also obtainable from the corresponding chloro compounds and so- 
dium sulfite.°° Acridine reacts with sodium bisulfite to form the so- 
dium salt of 9,10-dihydroacridine-9-sulfonic acid.°24 When sulfur di- 
oxide and acridine hydrochlcride react the red acridine salt of the sul- 
fonic acid precipitates. 

Reaction of Sulfites with Diazonium Compounds. A few sulfonic 
acids have been prepared directly from diazonium salts. Thus ben- 
zenediazonium sulfate in the presence of cuprous hydroxide and a 
sulfite ** is transformed into benzenesulfonic acid. The three toluene- 
sulfonic acids have been obtained by the action of sulfurous acid upon 
the diazonium chlorides.** m-Diazobenzoic acid with sulfur dioxide in 
alcohol gives m-sulfobenzoic acid.** A complex imidazole derivative 
having the accompanying formula has been prepared similarly.° 
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CeHsC Cia 


I . 
CoHsC N S03H 


The preparation of sodium 2-naphthol-1,4-disulfonate and other re- 
lated compounds from aminonaphtholsulfonic acids has been described 
in the patent literature.5*? 


C. SULFONIC ACIDS BY OXIDATION REACTIONS * 


Vigorous oxidation of any compound in which the sulfur attached 
to an aromatic ring is present as a thiol, disulfide, or sulfinic acid leads 
to the formation of a sulfonic acid or sulfony] halide, depending upon 
the oxidizing agent. Sulfonic acids are also formed in some instances 
from sulfides, sulfoxides, and sulfones if one of the organic groups is 
aliphatic. Oxidation methods are frequently of value in the prepara- 
tion of sulfonic acids that cannot be obtained by direct sulfonation, 
and in the proof of structure. 

Nitric Acid Oxidation. Nitric acid is convenient to use in the 
formation of sulfonic acids by an oxidation because the nature of the 
by-products renders isolation of the reaction product simple. Thio- 
phenol, the corresponding disulfide,*? and benzenesulfinic acid °* have 
been converted into benzenesulfonic acid by this reagent. p-Toluene- 
sulfinic acid undergoes both oxidation and nitration °° when treated 
with concentrated nitric acid. 2,4-Dinitrothiopheno] gives the dinitro- 
sulfonic acid.*° A number of substituted pheny! disulfides including 
bis- (2-nitropheny]) ,°* ®? bis- (4-nitropheny]) ,°° bis-(2,4-dinitrophen- 
yl) ,©° bis-(2-nitro-4-chloropheny]) ,°? the corresponding bromo com- 
pound, and bis-(2-nitro-5-chloropheny!) disulfides yield sulfonic acids 
when treated with fuming nitric acid. Using ordinary nitric acid 
sulfonic acids have also been obtained from the above-mentioned bis- 
(2,4-dinitropheny]) disulfide and the bis-(2-nitro-4,6-dichloro) and 
dibromo compounds. p-Nitrophenylsulfur chloride with nitric acid in 
glacial acetic acid ** yields a mixture containing p-nitrobenzenesul- 
fonic acid, the corresponding sulfony] chloride, and the thiosulfonate, 
O2NC,H,SO28C,H4NOz. 

When bis-(2-nitrophenyl) disulfide is oxidized by a mixture of nitric 
and hydrochloric acids ®* the product is 2-nitrobenzenesulfony! chlo- 


* References for this section on p. 368. 
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ride. This method was chosen as the most suitable for preparing this 
compound and the corresponding acid after a careful study of several 
other possibilities. Bis-(2-methyl-4-anthraquinonyl) disulfide has 
been converted to the sulfonic acid by nitric acid oxidation.*™ 

It is not necessary to hydrolyze the xanthate obtained by the action 
of potassium ethyl] xanthate upon a diazonium compound to the cor- 
responding thiophenol before subjecting the compound to oxidation. 
Thus the ethyl xanthates obtained from orthanilic acid ®* and 3,5-di- 
nitroaniline ** have been oxidized directly to the sulfonic acids by the 
use of nitric acid. This obviously requires a great deal more oxidizing 
agent, however, than when the thiophenol is used. 

A number of sulfonic acids derived from heterocyclic compounds 
have been prepared by nitric acid oxidation of the thiols including 
4-thiolpyridine,** 2-thiolpyridine-3-carboxylic acid,®” 3,5-dichloro- 
2- and 4-thiolpyridine,®”° and 4-thiolquinoline.*™# 

Permanganate Oxidation. The reagent most frequently used in the 
preparation of sulfonic acids by oxidation is potassium permanganate 
in alkaline solution. Thus m-thiocresol,®* 2-sulfo-4-methylthiophenol,® 
2-methyl-4-sulfothiophenol,®** and 2,4-dimethyl-5-sulfothiophenol 7* 
are all easily converted into alkali sulfonates by this procedure. The 
preparation of benzene-o-disulfonic acid has been studied in consider- 
able detail."°? Oxidation of the o-thiolbenzenesulfonic acid with potas- 
sium permanganate gave the most satisfactory results. In the naph- 
thalene series the same reaction has been used to prepare the 1,2-, 1,4-, 
1,7-, and 1,8-disulfonic acids,”7 compounds not obtainable by direct 
sulfonation (except traces of the 1,7-compound), through oxidation of 
the sulfonaphthalenethiols. Alternatively the disulfides may be used 
in these last reactions.’* A large number of naphthalenetrisulfonic 
acids ™?2 and the 2,3,6,8- and 1,3,6,8-tetrasulfonic acids 7? have been 
similarly obtained from sulfonated naphthalenethiols. 

The 3,5- and 2,3-d:methylbenzenesulfinic acids,”* tetralin-1-sulfinic 
acid,” the 2- and 4-methoxy and ethoxybenzenesulfinic acids,’* 
2-methoxy-5-methylbenzenesulfinic acid,’® 2- and 4-sulfonaphthalene- 
1-sulfinic acids,’ 4,8-disulfonaphthalene-1-sulfinice acid,7*® and the 
corresponding 2-sulfinic acid have all been oxidized to the sulfonates 
by permanganate in alkaline solution. 

There may be mentioned a number of miscellaneous compounds that 
also give sulfonic acids or their salts as their final oxidation products. 
These are trithiophenoxymethane,’* (CeH;8)3CH, phenylsulfonylace- 
tone,”? 2-phenylsulfonyl-1-propanol,”* 1,2-di- (phenylsulfony]) -eth- 
ane7® and other similar disulfones. Pheny! benzenethiosulfonate ® 
gives two moles of benzenesulfonic acid. 
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Oxidation with Miscellaneous Reagents. When chlorine or bromine 
is used as the oxidizing agent in neutral or acid solution the final prod- 
uct is a sulfonyl halide. Thus p-thiocresol with bromine in acetic 
acid * probably containing some water is converted into the sulfonyl 
bromide. Chlorine and bromine behave similarly toward dithiohydro- 
quinone.®* 


SH SO2Cl 
+ 6Cle + 4H20 — + 10HCl 


SH SO2Cl 


This same disulfony] chloride results from the action of chlorine upon 
the iodine addition product of the dithiohydroquinone dimethyl sul- 
fide.* This reaction was also applied to the 2,5-dibromo derivative 
of the above compound. What happens to the methyl groups in these 
reactions is not clear. The same reaction has been used to obtain the 
sulfonyl chloride from 2-nitro-4-methylphenyl methyl sulfide.*? The 
formation of benzenesulfony] chloride from the electrolysis of an acetic 
acid solution of phenyl ethyl sulfide containing some hydrogen chloride 
is probably a chlorine oxidation.® 

A number of disulfides have been oxidized by chlorine to the sulfonyl 
chlorides; these include bis-(2-nitro-4-methylpheny]) ,** bis-(2-bromo- 
4-methyl), and bis-(3-bromo-4-methylphenyl) disulfide.* 


(CH3CeHsBrS)e2 + 5Cle + 4H2O0 — 2CH3CeHsBrSO2Cl + 8HCI 


Toluene-o-sulfinic acid or the sodium salt with chlorine in aqueous 
solution yields the sulfonyl chloride.** The para isomer has been simi- 
larly converted into both the chloride and bromide.*® 

Oxidation of carbazole-3-thiol with hydrogen peroxide yields the 
sulfonic acid. Oxidation of the thiol derivatives of benzoxazole and 
benzothiazole with sodium hypochlorite or hydrogen peroxide yields 
the corresponding sulfonic acids.8’® 4-Thiol-2’-carboxylbenzophenone 
has also been oxidized by an alkali hypochlorite.“ 2-Thiolimidazole 
at —5° with hydrogen peroxide ®* gives a 46% yield of the sulfonic 
acid. In one instance, that of 3,4-dimethylbenzenesulfinic acid, barium 
peroxide ® was used as the oxidizing agent. Sulfinic acids oxidize in 
contact with the air, but apparently no use has been made of this 
reaction as a method for preparing sulfonic acids. Disproportionation 
of a sulfinic acid to a sulfonic acid and a thiosulfonate occurs under 
a variety of conditions.” 
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CHsCeHsSO2H + NH3 2's 


hot 


CHsCeHsSOsNH4 + CH3CeHsSO28CeHsCH3 


Bis-(2-methoxypheny]) disulfide oxidizes to the sulfonic acid when 
treated with chromic acid in acetic acid solution.*? 


REFERENCES FOR B. SULFONIC ACIDS FROM SULFITE REACTIONS 


1. 


AND C. SULFONIC ACIDS BY OXIDATION REACTIONS 


Fucus and Exsner, Ber., §2B, 2281 (1919). 


2a. Fucus and Exsyerr, Ber., 68B, 886 (1920). 6. Bucuerrr. Ber., 58B, 1457 


QO or & 


(1920). c. BucHerer and Horrman, J. prakt. Chem., (2) 121, 113 (1929). 


. Fucus and Eusner. Ber., 67B, 1225 (1924). 

. Fucus, Ber., 64B, 245 (1921). 

. Laver and LancxamMMenrsr, J. Am. Chem. Soc., 66, 1625 (1934). 

. Doveson, J. Chem. Soc., 105, 2135 (1914); Pinnow, J. prakt. Chem., [2] 89, 


536 (1914). 


7. Dopason, J. Chem. Soc., 2498 (1930). 

8. Greirr, Z. Chem.. 341 (1863). 

9. 

10a. SevewetTz and Szymson, Bull. soc. chim., 68, 1260 (1933); Garreau, Ann. 


Jackson and Becas, J. Am. (hem. Soc., 88, 676 (1916). 


chim., 10, 485 (1938). 6b. Boapanov and Ivanova, J. Gen. Chem. (U.SS.R.). 
7, 2884 (1937); C.A., 82, 53893 (19388). c. Firsrr, J. Am. Chem. Soc., 60, 
465 (1928). d. Bocpanov and Ivanova, J. Gen. Chem. (US.S.R.), 8, 1071 
(1938). ¢. Boapanov, ibid., 9, 1145 (1939). f. Boapanov, ibid., 9, 1846 
(1939); C.A., $4, 4067 (1940). 


lla. Sevewerz, C’.A., 29, 6585 (1935). b. Vanino, “Handbuch der prapirativen 


Chemie,” Vol. II, Enke, Stuttgart, 1914, p. 615. 


12. Leucus and Scunewe_r, Ber., 41, 4393 (1908); Leucus and Geiger, Ber., 42, 


3067 (1909); Leucus and Anperson, Ber., 44, 3049 (1911); Levens and 
Woutke, Ber., 45, 3686 (1912); Levcus and Bou, Ber., 48, 2362 (1910); 
Leucus, ScHLEMpP, and Baur, Ber., 65B, 1121 (1932); Leucus, ScHLEMPP, 
and Dornow, Ber., 66B, 743 (1933). 


13. The chemistry of the sulfite process cannot be discussed in detail here. For 


such a discussion and complete references see HawLey and Wiss, “The 
Chemistry of Wood,” the Chemical Catalog Co., New York, 1926, pp. 
77-87; Scuorcer, “Chemistry of Cellulose and Wood,” McGraw-Hill Book 
Company, New York, 1926, pp. 72 and 387; Hess, “Die Chemie der Cellu- 
lose und ihrer Begleiter,” Akademische Verlagsgesellschaft m. b. H. Leipzig, 
1928, p. 189. Some contributions in the journal literature are: FREUDEN- 
BeRG and Souns, Ber. 66B, 262 (1933); Kiason, C.A., 26, 6132 (1932) ; 
Hiactunp, EKWALL, and Hostomskxy, ibid., 26, 6133 (1932); HAaatunp and 
Jouansson, Cellulosechemie, 18, 1389 (19382); H&cctunp, Zellstoff und 
Payer, 18, 261 (1933) ; C.A., 27, 3815 (1933) ; C.A., 24, 6152 (1930) ; Kiason, 
C.A., 26, 1077 (1931); Krucer, Zellstoff und Papier, 14, 89 (1934); HAac- 
Lunp and Hepiunp, C.A., 27, 1949 (1933) ; HdacLunp, Jounson, and Tryaa, 
Cellulosechemte, 11, 30 (1930) ; HAcaLtunp and Carusson, Biochem. Z., 257, 
467 (1983) ; Frevpenserc, Souns, and Janson, Ann., 618, 62 (1935) ; Kina, 


REFERENCES 369 


Brauns, and Hissert, Can. J. Research, 18, 88 (1935); Buckuanp, Tom- 
LINSON, and Hssert, ibid., B16, 54 (1938); Lecer and Hissert, J. Am. 
Chem. Soc., 60, 565 (1938). A recent book is, “The Chemistry of Pulp 
and Paper Making” by Suter-Meister, Third Edition, John Wiley & Sons, 
New York, 1941, 

14. Honia and Fucus, Ber., 60B, 782 (1927). 

15. Kuason, Ber., 68B, 706 (1920); SaAnKeY and Hispert, Can. J. Research., 5, 
1 (1932); Kuason, C.A., 24, 3358 (1930). 

16a, ToMLINSON and Hispert, J. Am. Chem. Soc., 68, 340, 345 (1936). b. Samec 
and Risaric, Kolloidchem., 24, 157 (1927). 

17. Kuiason, Ber., 58B, 1761 (1925). 

18. Kuason, Ber., 68B, 375 (1925); Dorte and Barton-Wraicut, J. Soc. Chem. 
Ind., 48, 9T (1929). 

19. ScuMunt, J. prakt. Chem., [2] 44, 522 (1891); B6nicer, Ber. 27, 23 (1894) ; 
FRIEDLANDER and REINHARDT, Ber., 27, 241 (1894); Fieser, Org. Syntheses, 
11, 12 (1931), John Wiley & Sons, New York. 

20. VorozHrzov and Boapanov, Ber., 62B, 68 (1929); Bocpanov and Leuxov, J. 
Gen. Chem. (U.SS.R.), 5, 18 (1935); C.A., 29, 4756 (1935). 

21. Boapanov, J. Gen. Chem. (U.S.S.R.), 2, 9, 770 (1932); C.A., 26, 5297 (1932) ; 
27, 2684 (1933). 

22, Lantz and Mincasson, Compt. rend., 192, 1664 (1931). 

23a. Batrecay and Riesz, Bull. soc. chim., 61, 902 (1932). b. Koaan, Ber., 64B, 
2150 (1931). 

24, Lantz and Wan, Compt. rend., 180, 1668 (1925); U.S. pat., 1,657,809, C'.4., 
22, 966 (1928). 

25. VorozHTzov, Ann. chim., 6, 381 (1916); 7, 50 (1917); J. Russ. Phys-Chem. 
Soc., 47, 1669 (1915); C.A., 10, 2896 (1916). 

26. BucHERER and co-workers, J. prakt. Chem., [2] 69, 49 (1904) ; 70, 345 (1904) ; 
71, 433 (1905) ; 75, 249 (1907) ; 77, 403 (1908) ; 79, 369 (1909); 81, 1 (1910); 
103, 253 (1922); VorozHrzov with KassaTkin, Ber. 62B, 87 (1929); 
VorozHTz0v, Bull. soc. chim., 36, 996 (1924); C.A., 17, 1636 (1922); Fucns 
and Pirak, Ber., 59B, 2454 (1926); Fucus and Stix, Ber., 65B, 658 (1922). 

27. Encex, J. Am. Chem. Soc., 51, 2986, 3483 (1929). 

28. Hunter and Sprung, ibid., 68, 1443 (1931). 

29a. Pinta, Ann., 78, 31 (1851). b. HitKENKAMP, Ann., 96, 86 (1855). c. Carrus, 
2. Chem., 632 (1861). d. Smrr, Ber., 8, 1442 (1875). 

30. Sevewerz and Vicant, Compt. rend., 174, 296 (1922). 

31. Hunter and Spruna, J. Am. Chem. Soc., 58, 1432, 1443 (1931). 

32. E. and H. Erpmann, German pat., 65,240, Frdl., 8, 41 (1891); Merster, 
Lucius, and Britnina, German pat., 78,772, Frdl., 4, 305 (1894); German 
pat., 126,804, Frdl., 6, 384 (1901); A. Fiscuesser anv Co., German pat., 
79,577, Frdl., 4, 565 (1894); Nisrzx1, German pat., 86,097, Frdl., 4, 90 
(1895) ; Watrer, German pat., 109,497, Frdl., 5, 70 (1899); Bayer anv Co., 
German pat., 103,395, Frdl., 6, 252 (1897); Turner, German pat., 123,115, 
Frdl, 6, 171 (1900); Bayer anv Co., German pat., 113,944, Frdl., 6, 184 
(1900); Wem, German pat., 147,552, Frdl., 7, 58 (1902); German pat., 
151,134, Frdl., 7, 61 (1902); Meister, Lucius, and Bronina, German pat., 
92,082, Frdl., 4, 528 (1895); German pat., 215,838, Frdl, 10, 182 (1910). 

$3a. WeiL and Moser, Ber., 5B, 732 (1922). b. Boapanov and Kuertrets, J. Gen. 
Chem. (USS.R.), 7, 911 (1937); C.A., 81, 5777 (1937). 

$4. Wer and WasserMaAnn, Ber., 65B, 2533 (1922). 


370 THE PREPARATION OF AROMATIC SULFONIC ACIDS 


35a. NieTzxK1 and Hevsacu, Ber., 29, 2448 (1896). 6b. GuLinov, Ukrainskii Khem. 
Zhur., 4, Tech. Pt., 227 (1929); C.A., 24, 2449 (1930). 

36. Guuinov, C.A., 27, 3829 (1933). 

37. BucHerer and Barscy, J. prakt. Chem., [2] 111, 329 (1925). 

38. ZAHN and Ecxert, U.S. pat., 1,674,351, C.A., 22, 2846 (1928). 

39. RoseENMUND and Srruck, Bcr., 64B, 439 (1921). 

40. Moore and Tucker, J. Am. Chem. Soc., 49, 262 (1927). 

4la. J. R. Getcy anp Co., German pat., 88,952, Chem. Zentr., I, 142 (1897). 6. 
Scortisnh Dyes, Lrpv., German pat., 516,674, C.A., 25, 2738 (1931). c. I. G. 
FARBENIND. A.-G., French pat., 849,110, C.A., 86, 6270 (1941). 

42a. ARMSTRONG and Harrow, J. Chem. Soc., 29, 474 (1871). 6. MarscHALk, 
Bull. soc. chim., [4] 45, 651 (1929). 

43a. J. R. Geicy anv Co., German pat., 94,504, Chem. Zentr., I, 358 (1898). 6b 
Witieeront, J. prakt. Chem., [2] 32, 117 (1885). 

44, E. and H. Erpmann, German pat., 65,240, Frdl., 3, 41. 

45. Lausennermer, Ber., 16, 597 (1882). 

46. BADIScHE ANILIN- UND SopAFABRIK, German pat., 77,192, Frdl., 4, 37. 

47a. MarscHALK and Ovroussorr, Bull. soc. chim., [5] 2, 1216 (1935). b. Sanp- 
qvist, Ber., 50, 775 (1917); Ann., 392, 76 (1912). c. Feperov and SHetupy- 
AKova, C.A., 33, 4981 (1939). 

48. Feperov, C.A., 28, 3700 (1929). 

49a. BAYER AND Co., German pat., 164,292, Frdi., 8, 231; German pat., 167,169, 
Frdl., 8, 232. 6. Locuer and Fierz, Helv. Chim. Acta, 10, 642 (1927). 

50. Stein and BauMANN, German pat., 583,936, C.A., 28, 783 (1934). 

51. I. G. Farpenrnp. A.-G., French pat., 753,138, C.A., 28, 783 (1934). 

52a. I. G. FarBeninp. A.-G., British pat., 416,291, C.A., 29, 819 (1935); French 
pat., 772,910, C.A., 29, 1438 (1935). 6. DoHrN and Drepricu, German pat., 
564,786, C.A., 27, 1010 (1933). c. BestHoRN and GEISSELBRECHT, Ber., 68B, 
1017 (1920). d. Lenmsrepr and Wirth, Ber., 61B, 2044 (1928). 

53. Lanpspera, Ber., 23, 1454 (1890). 

54. Mijuter and Wiesinaer, Ber., 12, 1348 (1879); Grirrin, Am. Chem. J., 19, 
177 (1897). 

55. WIESINGER and VouisRecHT, Ber., 10, 1715 (1877). 

56a. TrOcer and Tuomas, J. prakt. Chem., [2] 110, 54 (1925). 6b. J. R. Geiay 
A.-G., Swiss pats., 199,957-199,959, C.A., $2, 4179 (1938). 

57. Voet, Ann., 119, 151 (1861). 

58. Orro and Ostrop, Ann., 141, 370 (1867). 

59. Orro and Gruser, Ann., 145, 19 (1868). 

60. Wittceropr and Monk, J. prakt. Chem., [2] 84, 116 (1886). 

6la, Wor rant, tbid., [2] 66, 554 (1902). 6. WerTHEIM, Org. Syntheses, 16, 55 
(1935), John Wiley & Sons, New York. 

62. Buranxsma, Rec. trav. chim., 20, 125 (1901); 19, 111 (1900); Verslag. Akad. 
Wettenschappen Amsterdam, 8, 299 (1899); 9, 401 (1900); Exarrsma, Rec. 
trav. chim., 48, 752 (1929). 

63. BLANKSMA, itbid., 24, 322 (1905). 

64. BuanxsMa, tbid., 27, 48 (1908). 

65a. Zincxe, Ann., 400, 10 (1913). 6. Frerz-Daviv, ScHLITTLER, and WALDMANN, 
Helv. Chim. Acta, 12, 663 (1929). c. Ruaati and Merz, ibid., 12, 71 (1929). 

66a. Hotueman, Rec. trav. chim., 40, 446 (1921). b. Jackson and Earue, Am 
Chem. J., 29, 218 (1903). 


MISCELLANEOUS SYNTHESES OF SULFONIC ACIDS 371 


67a. Koenies and Kinng, Ber., 64B, 1357 (1921). b. SucHarpa and TroszK1E- 
wicz, Roczniki Chem., 12, 493 (1932); C.A., 27, 5076 (1933). c. DourNn 
and DiepricH, German pat., 564,786, C.A., 27, 1010 (1933). d. BesrHoRN 
and GEISSELBRECHT, Ber., 68B, 1017 (1920). 

68. HotteMAN and Catanp, Ber., 44, 2505 (1911). 

69. WyNNeE and Bruce, J. Chem. Soc., 78, 751 (1898); Kuason, Ber., 20, 353 
(1887). 

70a. PFANNENSTILL, Ber., 2TR, 889 (1894); Hotteman, Rec. trav. chim., 42, 839 
(1923). b. Hurtitey and Smuues, J. Chem. Soc., 1821 (1926); Hotteman, 
Rec. trav. chim., 29, 416 (1910); 40, 446 (1921); Pottax, Monatsh., $4, 
1673 (1913). 

71. ARMSTRONG and Wynne, Chem. News, 67, 299 (1893). 

72. Bayer AND Co., German pat., 70,296, Frdl., 8, 421; Leucxart, J. prakt. Chem., 
[2] 41, 218 (1890). 

73. Moscuner, Ber., 84, 1260 (1901). 

74a. Moroan, MickKietHwalr, and WinrFieup, J. Chem. Soc., 86, 757 (1904). b. 
GATTERMANN, Ber., 82, 1156 (1899). 

75. SMites and De Rossienou, J. Chem. Soc., 98, 758 (1908). 

76. Laves, Ber., 28, 1415 (1890). 

77. R. and W. Orto, J. prakt. Chem., [2] 86, 410 (1887). 

78. Orro, ibid., [2] 61, 289 (1895). 

79. Orto, zbid., [2] $0, 351 (1884). 

80. Pauty and Orro, Ber., 11, 2071 (1878). 

81. ZiIncKE and Frounesera, Ber., 42, 2722 (1909). 

82. ZINcKE and Réseg, Ann., 406, 134 (1914). 

83. Ficuter and WEeNK, Ber., 46, 1382 (1912). 

84. Zincke and Frounesera, Ber., 48, 841 (1910). 

85. ULLMANN and LeHner, Ber., 38, 732 (1905). 

86. Orro and v. Gruser, Ann., 142, 96 (1867). 

87a. Mizucy, J. Gen. Chem. (U.S.S.R.), 10, 844 (1940); C.A., 85, 2509 (1941). 
b. I. G. Farpeninp. A.G., British pat., 416,291, C.A., 29, 819 (1935). 

88. GUBELMANN, WEILAND, and SratpMaANN, U.S. pat., 1,810,013, C.A., 25, 4558 
(1931). 

89. Barnes and Pyman, J. Chem. Soc., 2711 (1927). 

90. Jacossen, Ber., 10, 1011 (1877). 

91. Haussia, J. prakt. Chem., [2] 66, 214 (1897); Hetpuscuxa, tbid., [2] 81, $21 
(1910). 

92. Haitincer, Monatsh., 4, 173 (1883). 


D. MISCELLANEOUS SYNTHESES OF SULFONIC ACIDS* 


The methods of preparing sulfonic acids thus far considered deal 
only with the formation of the sulfo group. In this section reactions 
that have been used to convert one sulfonic acid into another by the 
loss or gain of other substituents are described. Since most of these 
reactions are of minor importance from the standpoint of sulfur chem- 
istry they are not discussed at length. 


* References for this section on p. 377. 
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The behavior of sulfonic acids toward halogenation, nitration, and 
alkali fusion is outlined in the chapter on “Reactions of Sulfonic 
Acids,” because usually these reactions involve the sulfo group. 

Removal of Halogens by Reduction. A halogen atom attached to 
the aromatic nucleus in a water soluble compound such as a sulfonic 
acid is replaceable by hydrogen through the action of an active reduc- 
ing agent. For derivatives of benzene the sulfonic acid grouping is 
apparently not appreciably affected by reducing agents while in the 
naphthalene series the «-sulfo groups are removed as sulfurous acid, 
the B-sulfonic acids being unaffected. The reducing agents most com- 
monly employed are sodium amalgam in water or alcohol solution, and 
zinc dust with an aqueous solution of ammonium or an alkali hydrox- 
ide. Although the sodium amalgam method may be satisfactory where 
a small quantity of material is reduced, it is too tedious for the prepa- 
ration of appreciable amounts of a compound, since a day to several 
weeks is necessary to complete the reaction. 

The sodium amalgam reduction has apparently not been tried with 
fluorosulfonic acids. Chlorosulfonic acids derived from benzene,’ tolu- 
ene,? and xylene® have been dehalogenated successfully. Bromosul- 
fonic acids react more rapidly than the chloro compounds and more 
of them have been investigated. These include derivatives of toluene,* 
o-xylene,® p-cymene,® m-cymene,’ and 1,2,4-trimethylbenzene.® It also 
is possible to remove the bromine from sulfonamides as was shown for 
some bromo-m-xylenesulfonamides.® Reduction of 4-bromonaphtha- 
lene-1-sulfonic acid #° removes both the halogen and sulfo groups. 
Jodine is readily eliminated from 4-iodotoluene-3,5-disulfonic acid.!4 

It has been reported in the patent literature 7!” that the halogen can 
be removed from a variety of chlorine and bromine compounds by 
treatment with hydrogen in the presence of a catalyst such as nickel 
in aqueous alkaline solution. 

Zinc and ammonium hydroxide have been used to remove the chlo- 
rine from some dichloro-m-xylenesulfonic acids,!? the bromine from a 
variety of alkylated bromobenzenesulfonic acids,!* and the iodine from 
a few iodoalkylbenzenesulfonic acids.** Sodium, potassium, or barium 
hydroxide 7° and zinc have been utilized in reducing a number of alkyl- 
bromobenzenesulfonic acids. 

Apparently the only derivative of a halobenzenesulfonic acid con- 
taining other than an alkyl group that has been treated with zine and 
sodium hydroxide is 4-bromophenetole-2-sulfonic acid.?® 

Removal of Amino Groups. The powerful directive influence of the 
amino group in sulfonation reactions and the ease with which it is 
replaced by hydrogen through the reduction of the corresponding di- 
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azonium salt furnish a method of importance in obtaining sulfonic 
acids otherwise difficultly accessible. 

The removal of a diazonium group has been accomplished in several 
ways. The most frequently utilized procedure is to boil the diazonium 
compound with methyl or ethyl alcohols. Two difficulties are encoun- 
tered in applying this method. The first, a serious one, is that the 
reduction is accompanied by a side reaction in which an alkoxy group 
replaces the nitrogen and the resulting mixture of sulfonic acids is 
difficult to separate. 


CHs CHs 
+C2H;0H — + CH3CHO + Ne 
3 OsH 
Nf 
CH3 CHs 
+ C2H;0H ~ + Ne 
Oz SO3H 
Nt CoH s 


A second minor difficulty is the necessity for isolation of the pure 
diazonium salt or preparing it in anhydrous alcohol solution. In a 
detailed study of the preparation of toluene-3-sulfonic acid '” the most 
satisfactory yields were obtained by the use of methanol in the pres- 
ence of sodium carbonate or zinc dust. The presence of cuprous oxide 
or copper powder might be of advantage in these reductions. 

The amino group has been removed from a variety of aminosulfonic 
acids by this diazotization-alcohol reduction method. These include 
derivatives of benzene,?® toluene,!® m-xylene,?° and a number of halo- 
gen and nitro derivatives of benzene™ and toluene.?? Phenol-o-sul- 
fonic acid results from heating diazotized p-aminophenol-o-sulfonic 
acid 28 with alcohol to 150°. Several biphenyldisulfonic acids have 
been obtained by heating tetrazotized benzidine derivatives with alco- 
hol.2* The presence of copper powder seems to facilitate the reaction, 
a 90% yield of bipheny]-3,3’-disulfonic acid resulting by this proce- 
dure. There are also a few instances in which the alcohol reduction 
method has been used in the naphthalene series.”* 

Other reagents, which, however, have had a limited use in reductive 
removal of the diazonium group, are formic acid,*%?* sodium stannite 
in alkaline solution,?”* an alkaline d-glucose solution,?”® and ferrous 
hydroxide.?#¢ 
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An indirect method for removing the diazonium group which in some 
cases gives better yields than the alcohol reduction procedure and is 
more generally applicable, consists in reduction of the diazonium salt 
to the hydrazine and oxidation of the latter with any one of a number 
of reagents including cupric sulfate, ferric chloride, and potassium 
chromate. This has been applied to derivatives of toluene,** m-di- 
iodobenzene,”® tetralin,®° naphthalene,?5*** and stilbene.*?® 

Halosulfonic Acids by Diazo Reaction. The replacement of an 
amino group by a halogen through the diazo reaction offers little of 
interest from the standpoint of sulfur chemistry. The sulfo group has 
little or no apparent influence upon the reaction. Some of the prepa- 
rations were made before the discovery of the catalytic value of copper 
or a copper salt and hence the yields were probably low, although in 
most reactions they were not recorded. 

4-Fluorotoluene-2-sulfonic acid *? and 4- and 5-fluoronaphthalene- 
1-sulfonic acids ** have been obtained by treating the diazonium salts 
with warm 40% hydrofluoric acid. 

The three chlorobenzenesulfonic acids,** four chlorotoluenesulfonic 
acids,*> a chloro-p-cymenesulfonic acid,** a dichlorobiphenylsulfonic 
acid,” and a large number of chloronaphthalenesulfonic acids,** have 
been prepared from the amino compounds. Conversion of 2,4,5-tri- 
chloro-3-aminobenzenesulfonic acid into the tetrachloro compound * 
indicates that halogens ortho to the amino group do not limit the re- 
action. The chlorine of 3-chloro-6-bromobenzenesulfonic acid also 
may be introduced through the diazo reaction.*° 

The chlorine of a number of chloro and dichloronaphthalenedisul- 
fonic acids,“ a chloronaphthalenetrisulfonic acid,‘ and the second 
chlorine of some dichloronaphthalenesulfonic acids 75 ** have all been 
introduced by the diazo reaction. 

The preparation of bromosulfonic acids from the corresponding 
amino compounds was used by the earlier investigators in preparing 
many of the bromine derivatives of benzenesulfonic acid.** The 
method has been used somewhat less frequently in synthesizing deriv- 
atives of toluene,*® m-xylene,** p-cymene,‘ biphenyl,** and naphtha- 
lene.*° 

In the preparation of iodosulfonic acids from diazonium compounds 
it is not necessary to use a copper catalyst and the yields are usually 
excellent. Various iodo derivatives of benzenesulfonic acid," 4-iodo- 
toluene-2-sulfonic acid,®? 4-iodotoluene-3,5-disulfonic acid," and iodo 
derivatives of a- and &-naphthalenesulfonic acids °? have been pre- 
pared. 
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Azidosulfonic Acids. Analogous in some respects to the preparation 
of halosulfonic acids is that of the azido compounds.** Only a few 
substances of this class have been made. 


SO; SO3H SOsH SO; 
_— 
e ' = O, : en 
2 3 3 
SO3H S03H 
+ N203 — + H20 + HNOz 
HNH2 Ng 


Hydroxysulfonic Acids from Diazonium Salts. The decomposition 
of diazonium salts containing one or more sulfo groups to give phenol- 
sulfonic acids has been of value chiefly in obtaining m-hydroxysul- 
fonie acids but has been applied in other instances where a product 
free from isomers was desired. 

The three phenolsulfonic acids, 2,6-dibromophenol-4-sulfonic 
acid,°** several cresol mono °* and disulfonic ** acids, two xylenolsul- 
fonic acids,” and several nitrophenolsulfonic acids *7° have been ob- 
tained in this manner. 

The hydrolysis of diazonium compounds has been applied many 
times in the naphthalene series to obtain hydroxysulfonic acids of 
value as dye intermediates. For details reference must be made to 
the original literature.®* 

The preparation of 1-hydroxy-4-haloanthraquinonesulfonic acids 
from the 1-amino compounds by diazotization and boiling with a cop- 
per sulfate solution has been patented.°°** Hydroxypyridinesulfonic 
acids °®? have also been made from the amino compounds. 

Alkoxysulfonic Acids from Diazonium Salts. Closely related to the 
hydrolysis of diazonium compounds to phenols is their reaction with 
alcohols to give ethers. The reaction gives satisfactory yields only 
with methanol, ethyl alcohol giving more of the reduction product in 
which the diazo group has been replaced by hydrogen. The reaction 
with methanol has frequently been carried out under pressure slightly 
above atmospheric as this gives better yields. 


Nf OCHs 
+ CH3;0H — + Na 


Oz SO3H 
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Methoxy derivatives of benzenesulfonic acid,®° toluenesulfonic 
acids,*! and m-xylene-4-sulfonic acid,®*? and the ethoxy derivatives 
of a similar group of sulfonic acids *° *** have all been obtained by 
heating the diazonium sulfonate with the corresponding alcohol. As 
a variation in the procedure it is possible to use an alcoholic solution 
of sodium ethoxide.* In two examples the preparation of n-propoxy 


CH3 CH3 
—O3 NaQ3S 
+ C2HsONa _ + Na 
O2N CHs3 O2N CH 
Nt OC2Hs 


compounds from the alcohol and diazonium salt has been men- 
tioned.** 6 


CHg CHg 
—035; HO38, 
+ n-C3H7OH — + Ne 
CH3 CHs 
Ny OC3H7 


When diazomesitylenesulfonic acid is heated to 100° with glycerol, 
a mixture of products results in which the di-ethers of glycerol pre- 
dominate.®° 

Thiophenolsulfonic Acids and Related Compounds. Diazotized 
aminosulfonic acids react with a variety of sulfur compounds includ- 
ing potassium ethyl xanthate,*’* sodium sulfide,“ and ethanethiol.*7 
Examples are shown in the equations. 


CH3 


CH3 
+ KSCSOC2Hs — + Ne 
Oz O3K 
N SCSOC2Hs 


+ 
2 
N¢ SC2H5 

+ CeH;sSH —- +Ne 
SO3 SO3H 
Nz SNa 
O3 


O eo Nagsie > + No 
3 O3Na 


mow 
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A. PHYSICAL PROPERTIES OF AROMATIC SULFONIC ACIDS AND 
THEIR SALTS 


Only in a relatively few instances have aromatic sulfonic acids been 
isolated and their properties determined. Gencrally they are converted 
directly into salts which are more easily separated from a reaction mix- 
ture. Exceptions are sulfanilic acid and its analogs. However, ben- 
zenesulfonic acid, p-toluenesulfonic acid, and a few others have been 
studied in some detail. 

Sulfonic Acids. The lower-molecular-weight sulfonic acids for the 
most part crystallize from water as hydrates and exist as deliquescent 
low-melting colorless solids. The solubility in water of an acid is gen- 
erally greater than that of any of its salts. Sulfonic acids are less 
soluble in aqueous solutions of mineral acids than in water alone and 
they can be isolated in most cases by diluting the sulfonation mixture 
with a small amount of water. Purification by recrystallizing from 
concentrated hydrochloric acid has also been effective. Where sulfo- 
nation yields a mixture of isomeric acids it may be desirable to ac- 
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complish purification of an acid as the sulfonyl chloride which can 
then be hydrolyzed to the acid. 

Aromatic sulfonic acids are highly ionized? in solutions of polar 
solvents. In glacial acetic acid,?° for example, p-toluene- and p-azo- 
benzenesulfonic acids are less ionized than perchloric acid but more so 
than sulfuric acid when conductivity and catalytic decomposition of 
ethyl diazoacetate are the criteria. 2,4-Dimethoxybenzenesulfonic acid 
was somewhat less active than sulfuric acid but more so than nitric 
acid. 

The equivalent conductivity of several isomeric nitro, dinitro, and 
nitrohalobenzenesulfonic acids? at infinite dilution is 377 +1. This 
confirms a rule stated earlier by Ostwald? that the conductivity is 
the same for isomeric ions; it also shows that variations in mobility 
among similar ions are small. 2,4-Dinitrobenzenesulfonic acid was the 
strongest acid investigated although they were all comparable to the 
strong inorganic acids. 

In anhydrous formic acid * benzenesulfonic acid is nearly as strong 
as sulfuric acid which acts as a monobasic acid in this solvent. Ben- 
zenesulfonic acid is also a strong electrolyte in methyl] or ethy] alcohol 
solution.® 

The heat of neutralization of benzenesulfonic acid was measured by 
Berthelot.® 

Metal Salts of Sulfonic Acids. Salts of sulfonic acids are custom- 
arily isolated from sulfonation mixtures in either one of two ways. 
The reaction mixture may be diluted with water and neutralized with 
calcium or barium carbonate to give the soluble sulfonate and insoluble 
sulfate. The sulfonate crystallizes upon evaporation of the filtrate. 
Addition of a soluble carbonate or sulfate to the filtrate will, of course, 
give any other desired sulfonate. A simpler procedure particularly 
useful in preparing an alkali metal salt is to pour the sulfonation 
mixture into a strong solution of the alkali chloride. The solubility of 
the aromatic sulfonate is decreased by the excess alkali chloride and 
also by the sulfuric acid remaining after the sulfonation is complete.’ 
It was reported by Fischer ® that the solubility of sodium B-naphtha- 
lenesulfonate in § N hydrochloric acid is less than one-half (2.42 g./100 
g. H,O) that in water (6.0 g./100 g. HO) at 23.9° so the effect is 
probably general for mineral acids. Cooke ® has reported in great de- 
tail the solubility of sodium 8-naphthalenesulfonate in water at vari- 
ous temperatures and in sodium chloride and sulfate solutions. 

The solubility of sodium benzenesulfonate is not decreased greatly 
by sodium sulfate.2° At 30° in pure water the value is 35.8 g./100 g. of 
solution while in 10% sodium sulfate it is reduced to 27.7 g. 
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A few methods employed in unusual cases to prepare alkali sulfo- 
nates may be mentioned. They are reported ' to result from the ac- 
tion of alkali aluminum silicates with alkaline earth sulfonates. In 
the case of chloronitrobenzenesulfonates, adding sodium chloride to an 
aqueous solution of the calcium salt precipitates the sodium sulfonate.’? 
An interesting procedure for obtaining a barium sulfonate is to neu- 
tralize a sulfonation mixture with zinc oxide and treat the resulting 
solution with barium sulfide. This precipitates a mixture of zinc sul- 
fide and barium sulfate (which may be used as a pigment in paints), 
leaving the sulfonate in solution. Sulfonic acids are slightly soluble in 
aromatic hydrocarbons and may be extracted from a sulfonation mix- 
ture by such a solvent, neutralization of the pure acid with the appro- 
priate base giving any desired salt.1* 

The number of metal salts of aromatic sulfonic acids which have 
been described in the literature is large. The properties of the individ- 
ual salts are not of general interest to the organic chemist and no at- 
tempt has been made here to survey this field. With few exceptions 
the salts are readily soluble in water and separate well from concen- 
trated solutions as crystalline solids which are frequently hydrated. 
The dry salts have no definite melting points and are not therefore 
useful for identification purposes. 

A systematic investigation of sulfonates of the elements in the sec- 
ond group of the periodic table has shown? that the water content 
of the hydrated salts is higher the larger the sulfonic acid molecule. 
For a given sulfonic acid the hydration is greater for beryllium, mag- 
nesium, zinc, and cadmium salts than for those of calcium, strontium, 
and barium. In concentrations of 0.1 to 0.5 M the acidity of the 
beryllium sulfonate solutions is less than that of the bromide or chlo- 
ride but greater than that of the sulfate. 

Aluminum compounds of hydroxysulfobenzoic and naphthoic acids 
differ from ordinary aluminum sulfonates in that the aluminum be- 
comes part of the negative ions when the compounds are treated with 
a weak base.* These “aluminosulfonic acids” resist the action of 
acetic acid and are easily mercurated to give acetomercuri derivatives 
unaffected by alkali. 

Salts of chloro-, bromo-, or nitrobenzenesulfonic acids form salts 
with the ammonia complexes of nickel, cobalt, copper, and other metals 
which are only slightly soluble in water.17 The ammonia-free salts 
are much more soluble. On the other hand for sulfonic acids contain- 
ing other substituents the complex ammonia salts are more soluble 
than those containing no ammonia. 
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Sulfonates of Organic Bases. Many of the salts obtained from 
aromatic sulfonic acids and amines have definite melting points and 
a low solubility in water. They are therefore useful in separating and 
identifying both amines and sulfonic acids. Thus quinizarin-2-sulfonic 
acid (rufianic acid, 1,4-dihydroxyanthraquinone-2-sulfonic acid) has 
been suggested ?® as a precipitant for a variety of simple aliphatic 
amines and amino acids. The sulfonic acid may be recovered by treat- 
ing the amine salt with barium hydroxide and then decomposing the 
barium sulfonate with sulfuric acid. More recently the solubility 
products of twenty-six sulfonic acid salts of various amino acids have 
been reported. The differences were great enough to make the salts 
useful for determination of certain of the amino acids in mixtures. 
Glycine and hydroxyproline come down with 5-nitronaphthalene-1-sul- 
fonic acid, leucine may be determined with 2-bromotoluene-5-sulfonic 
acid or 2-naphthol-7-sulfonic acid, and phenylalanine precipitates with 
2,5-dibromo- or 2,4,5-trichlorobenzenesulfonic acid even in the presence 
of excess leucine, arginine, and histidine. 

Guaiacol- and creosotesulfonie acids give amorphous salts with the 
common alkaloids,*° including morphine and codeine. The purification 
of crude sulfonic acids by precipitation with n-propyl- and cyclo- 
hexylamine as well as aromatic amines has been described.24, Many 
sulfonic acids give crystalline salts with benzyl- ?? or p-chlorobenzy]- 
thiuronium chloride ** which serve admirably for their identification. 
Since the sulfonic acids are easily prepared from most hydrocarbons 
the salts also serve to identify this class of compounds more conven- 
iently than do other derivatives. 

Many arylammonium sulfonates have been prepared either with the 
object of finding characteristic derivatives for the sulfonic acids or 
the amines, or in order to devise methods of separating mixtures ob- 
tained in sulfonations. In gencral the chance of finding an aryl- 
ammonium sulfonate that is only slightly soluble in water and hence 
easy to isolate is much better than that of finding a metal sulfonate 
with this property. Since sulfonic acids are highly ionized the salts 
are hydrolyzed little, if any, more than those of hydrochloric acid. 
However, because of the weakly basic properties of aromatic amines 
the salts may be analyzed readily by titration with alkali using phe- 
nolphthalein as the indicator.24* Many of the arylammonium sulfo- 
nates melt or decompose at definite temperatures. 

The salts may be prepared by any one of several methods. Am- 
bler #5 made some naphthalenesulfonates by mixing hot aqueous solu- 
tions of equivalent amounts of the free acid or its sodium or potassium 
salt and the amine hydrochloride; upon cooling the solution the salt 
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separated. With more soluble salts other procedures may be useful. 
Forster and Keyworth ** employed one or another of four methods: 
(1) the addition of a cold, concentrated solution of the amine hydro- 
chloride to a similar solution of the sodium sulfonate; (2) mixing boil- 
ing solutions of these two reactants, concentrating the solution or 
evaporating to dryness and extracting with alcohol; (3) the addition 
of the amine sulfate solution to the solution of calcium sulfonate, the 
amine sulfonate separating out of the filtrate from the calcium sulfate; 
(4) mixing of the free acid and base in the presence of a little hydro- 
chloric acid. 

Detailed procedures for the qualitative detection of the common 
mono and disulfonie acids of naphthalene using the naphthylamines 
as precipitants have been worked out.?’ 

In an investigation of the properties of a variety of arylammonium 
salts of benzenesulfonic acid 78 (Table I) it was observed that (1) the 
salts of diamines had higher melting points than those of monoamines; 
(2) the least soluble salts were those derived from amino derivatives 
of naphthalene and biphenyl; (3) salts of 2-aminoanthraquinone and 
o-nitro-p-toluidine could not be prepared; (4) basic salts of diamines 
could not be obtained pure; (5) N-substituted amines do not readily 
form salts of benzenesulfonic acid. 


TABLE I 
ARYLAMMONIUM BENZENESULFONATES 
M.P. or Sol. in H20 
Amine Dec. P., °C. (Corr.) g./100 g. sol./°C. 

CeHsNHe 240 11.3/19 
o-CH3CeHiNHe 176 20/19 
m-CH3CeHiNHe 173 9.1/18 
p-CH3CeHyN He 205 7.4/16 
1-CyoH;NHe 234 0.77/14 
2-CioH7N He 248 0.59/14 
1,2,4-CH3CeH3(NH2)NO2 222 1.84/15 
m-O2NCgHyN He 236 3.85 / 15 
1,3,4-(CHs)2CeH3NH2 233 1.46/15 
(CeHaN Ho-p)2 >330 0.59/16 
[CeH3(CHa)NH2-3,4]2 310 1.45/15 
[CeH3(OCH3)NH2-3,4e 277 2.11/18 
m-CeH,(NHa)2 >320 19.0/17 
p-CeHa(N Ho)e >320 2.57/10 
p-CICsHNHz 235 2.51/20 
o-CiIC.sHyNHe 204000 eee 
1,2,4,5-(CHs)sCeH2N He 217 2.03/16 
p-CH;0CsHiN H2 182 12.8/16 


p-C2HsOCsHiN He 171 21.0/17 
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The salts of the nitrobenzenesulfonie acids? are much less soluble 
in water than those of benzenesulfonic acid. The arylamine salts of 
p-toluenesulfonic acid melt lower than the other sulfonates except the 
«-naphthalenesulfonates.*® Since the necessary p-toluenesulfonic acid 
is readily available from the acid chloride the salts of this acid are 
convenient derivatives of the amines. The melting points are shown 
in Table II. Details of the preparations are to be found in the orig- 
inal,*° 


TABLE II 
ARYLAMMONIUM p-TOLUENESULFONATES 
M.P. of Salt, M.P. of Salt, 
Amine °C. (Corr.) Amine °C. (Corr.) 

CeHsN He 238.4 o-NH2C,H,COOH 224 .1-224.6 
o-CIIsCeH4N He 189.7-190.5 m-NHeCsHsCOOH 255 .9-256.5 
m-CH3CeH «NH 174.6-176.1 p-NH2CsH «COOH 236 .5-241.5 
2,4,1-(CHs)eCseHsNHe 180.4-181.3 p-NH2CsH,COCHs 177.8-179.3 
o-CICsH «NH 192.9-193.6 1-CypH7N He 248 .4-249.9 
m-ClCsH4N He 209 .8-210.3 2-CyoH7N He 217.3-219. 1 
p-ClICsH4N He 213-231 o-CeHsCeH4N He 194.1-195.6 
o-BrCsH4N He 206 . 1-206 .6 p-CoHsCeHyN He 253 .8-254.9 
m-BrCsH,NHe 204. 1-205 CsHsCH2N He 184.5-185.5 
p-BrCeH4N He 214-234 (CesHsCH2)2NH 158.3-159.3 
o-NO2CeHiN He Oil (CeHsCHe)3N 205 . 2-207 .7 
m-NOoCsH«NHe 213 .5-215 CeHsNHCH2CeHs 148.3-148.8 
p-NO2CeH«NH2 232.2-234.7 CoeHsN (CH2Ce6Hs)2 Oil 
o-HOCsH4N He 224. 7-226 .2 o-CeH4(N He)2 267 .3-268.8 
m-HOCsH«NHe Oil m-CsH,(N He) 296 .8-297 .8 
p-HOCsH4N He 252. 1-253.6 1,2,4-CHsCesHa(NHo)2 +270.8-271.3 


The amine salts of 1- and 2-naphthalenesulfonic acid *! are also 
only slightly soluble in cold water, the most soluble being the aniline 
salt which dissolves to the extent of 1.58 g./100 g. solution at 15°. 

Numerous arylammonium salts have also been prepared from naph- 
thalene-2,6-, 2,7-, 1,5-, and 1,6-disulfonic acids.2? A method for sep- 
arating various naphtholsulfonie acids has been devised,** based on 
the observation that if enough arylamine is added to a solution to 
precipitate the 2-naphthol-6-sulfonic acid (Schaffer’s acid) or 2-naph- 
thol-3,6-disulfonic acid (R acid) which may be present, the 2-naph- 
thol-6,8-disulfonic (G acid) and 2-naphthol-8-sulfonic acid (crocein 
acid) are left in solution. Arylammonium salts of other naphtholsul- 
fonic acids were also prepared.** It was not possible to obtain salts 
of naphthionic acid (1-aminonaphthalene-4-sulfonic acid), but they 
were prepared for the N-acetyl compound. This is also true for other 
aminonaphthalenesulfonie acids.*§ 
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The low solubility of the aniline salts of the anthraquinonesulfonic 
acids makes them of possible value in analytical determination of the 
acids.** For details of the preparation and properties of the anthra- 
quinonesulfonates the original should be consulted. 


B. HYDROLYSIS, REDUCTION, AND OXIDATION REACTIONS 
OF SULFONIC ACIDS 


The conversion of sulfonic acids into various salts has been described 
in the preceding section and the methods for preparing sulfonyl halides 
are covered in the chapter on sulfonic acid derivatives. Reactions in 
which the sulfo group undergoes replacement by hydrogen, halogen, 
hydroxyl, and other groups are considered here. The effect of the sulfo 
group on the behavior of other substituents attached to the aromatic 
nucleus is also outlined. 

In the cleavage of the carbon-sulfur linkage that occurs when sul- 
fonic acids are fused with alkali or heated with a salt the electron pair 
is retained by the sulfur, giving rise to a sulfite. In acid solution on 
the other hand the carbon atom retains the pair of electrons and 
sulfuric acid is formed. The action of a hypohalous acid likewise gives 
the halobenzene and sulfuric acid—never phenol and the halosulfonic 
acid. 


REPLACEMENT BY Hyprocen; Acip Hyprotysis 


It was early observed that the sulfonation of aromatic compounds 
is a reversible process; heating a sulfonic acid in acid solution, or even 
with water alone, results in the formation of sulfuric acid and the orig- 
inal unsulfonated compound.” It should be added that the presence 
of an inorganic acid in the aqueous solution not only serves to raise 
the boiling point of the mixture but also greatly accelerates the rate 
of hydrolysis. This is particularly evident in the behavior of durene- 
and pentamethylbenzenesulfonic acids ** which partially hydrolyze 
even at room temperature when shaken with 95% sulfuric acid. Here 
the equilibrium between the hydrocarbon and the acid favors the hy- 
drocarbon sufficiently for the hydrolysis to become evident when only 
a small amount of water is present, provided that acid is available to 
catalyze the reaction. 

Crafts #°* has reported on a comprehensive investigation of the hy- 
drolysis of various alkyl, halo, and amino sulfonic acids by sulfuric 
and the halogen acids for a number of concentrations and tempera- 
tures. For each rise in temperature of 10° the reaction velocity of 
hydrolysis increases from 2.5 to 3.5 times, and interestingly enough, a 
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similar increase was observed at any given temperature for an increase 
of one molar in the concentration of the mineral acid in the solution. 
The equation 

(C + log. C) + 8 = login K 


expresses the relationship between the rate of hydrolysis (K) and the 
concentration (C) of the mineral acid. The rate of hydrolysis in con- 
centrated acid solutions was thus found to be several hundred times 
as great as might be expected from the effect of the acid in dilute so- 
lutions providing the rate were proportional to the concentration. 
This behavior does not apply, however, to the amino derivatives. The 
hydrolysis rate for these increases only slightly or in some instances 
decreases with increase in acid concentration. 

The temperature at which concentrated phosphoric acid * brings 
about hydrolysis of a variety of sulfonic acids has been reported. The 
data are summarized in Table III. Nitrobenzenesulfonic acids did not 
decompose in phosphoric acid solution. 


TABLE III 
Hypro.ysis oF SuuFonic Acips 
Ary! Group of Sulfonic Acid Decomposition Temperature, °C. 
CeHs- 227 
o-CH3CeHa- 188 
m-CH3CeHa- 155 
p-CH;CsHi- 186 
2,4-(CH3)eCeHs- 137 
3,4-(CH,)2CeHs- 175 
m-CeH4(COOH)- 160 
m-ClCegHy4- 182 
4-CICeIIy- 200 
4-BrCsHy- 217 
2,4-CloCsHs- 155 
a-(CHe)4CeH- 135 
B-(CHe)4CeH3- 152 
2-CH3CyoHe-3- 129 
4-BrCoHe-1- 132 


Alkyl- and Halobenzenesulfonic Acids. According to Armstrong 
and Miller 37° the presence of methyl ortho or para to the sulfonic acid 
group facilitates hydrolysis but has little effect when it is meta. 
(However, see Table III.) Bromine, on the other hand, slows the re- 
action. As an extreme case a comparison of mesitylene- and tribromo- 
benzenesulfonic acids is interesting. The former is hydrolyzed some 
14,000 times as rapidly as the latter. Mesitylenesulfonic acid is al- 
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most completely hydrolyzed by 38% hydrochloric acid 9 in 15 min- 
utes at 80°. Hydrolysis has even been effected by boiling with 50% 
acetic acid.*° 2,4,6-Triethylbenzenesulfonic acid decomposes to give 
triethylbenzene when heated alone or even when crystallized from 
alcohol.*t. On the other hand, various di, tri, and tetrabromobenzene- 
sulfonic acids hydrolyze 379*-4? only when treated with concentrated 
hydrochloric or hydrobromic acid at temperatures ranging from 150° 
to 250°. 2,5-Dibromobenzenesulfonic acid is unaffected by water at 
220° and 3,5-dinitro-4-bromobenzenesulfonic acid ** is unchanged by 
refluxing with 60% sulfuric acid. However, the completely substituted 
compound 3,5-dinitro-2,4,6-tribromobenzenesulfonic acid *? is hydro- 
lyzed by heating in water solution at 230°. 

The separation of the isomeric xylenes by taking advantage of the 
difference in the rates at which their sulfonic acids hydrolyze has been 
studied carefully.** Adding water to the mixture of sulfonic acids and 
distilling gives the m-xylene at 125-155° while at 155-200° a mixture 
of the other two isomers comes over. The o-xylene-4-sulfonic acid 
hydrolyzes somewhat less readily than does the p-xylene compound. 
The o-xylene-3-sulfonic acid changes to the 4-isomer when hydrolysis 
is attempted. 

It is interesting to note that the sulfonic acids from octahydro- 
anthracene and octahydrophenanthrene, which may be considered 
analogous to tetraalkylbenzenesulfonic acids, differ markedly in their 
ease of hydrolysis. The anthracene derivative hydrolyzes readily 
when treated with hydrochloric acid while the phenanthrene com- 
pound requires more drastic conditions.*® It is probable that this dif- 
ference likewise exists between isomeric tetraalkylbenzenesulfonic 
acids. 

In the hydrolysis of a series of substituted benzenesulfonanilides 
Schreiber and Shriner ** found that those derived from m-xylene- and 
mesitylenesulfonic acids not only split to give the amine and sulfonic 
acid but also the sulfonic acid underwent conversion to the hydro- 
carbon. Here the hydrolytic agent was 25% hydrochloric acid. The 
yield of mesitylene was about 90% whereas only about 10% of the 
m-xylene was recovered. Benzene-, p-toluene-, o-nitrobenzene-, and 
p-nitrobenzenesulfonic acids were stable under these conditions. It 
was mentioned *® earlier that phosphoric acid has been employed in 
the hydrolysis of several sulfonic acids‘? with satisfactory results. 
Although its catalytic effect is not so great as that of sulfuric acid the 
loss of material through side reactions is less because the phosphoric 
acid does not have the oxidizing action of sulfuric acid.*”° 
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Naphthalenesulfonic Acids. When a mixture of the 1- and 2-naph- 
thalenesulfonic acids is treated with steam at 160° the 1-isomer is 
hydrolyzed ** to naphthalene leaving the pure 2-sulfonic acid, a process 
of commercial importance in the preparation of pure 2-naphthol. 

This difference in ease of hydrolysis was also noted 48 when the 
acids were heated with dilute hydrochloric acid at 200°. From these 
observations it might be expected that naphthalene-1,6-disulfonic 
acid *® would hydrolyze in stages, but this is apparently not true as 
no evidence for even a trace of a monosulfonic acid could be found 
in the reaction mixture. It may be suggested that the acid remaining 
from the first step in the reaction is activated sufficiently to bring 
about the loss of the second sulfo group immediately. Naphthalene 
formation became noticeable with 64% sulfuric acid at 120° and in a 
1% solution at 180°. With 73% sulfuric acid at 160° the 2,6- and 2,7- 
disulfonic acids made their appearance. Similar results were obtained 
with naphthalene-1,5-disulfonie acid ©’ except that hydrolysis became 
noticeable at a slightly lower temperature with the more dilute sulfuric 
acid solutions. 

A variety of dimethyl-° and dichloronaphthalenesulfonic °* acids 
have been hydrolyzed in acid solutions at a high temperature. Of 
these only 1,8-dichloronaphthalene-3-sulfonic acid offered unusual diffi- 
culty, the yield of dichloronaphthalenc being small. 

Phenol and Naphtholsulfonic Acids. Phenolsulfonic acids undergo 
acid hydrolysis readily when the hydroxyl] is located ortho or para to 
the sulfo group. Phenol-o-sulfonic acid is nearly completely hydro- 
lyzed by concentrated hydrochloric acid ** at 100° in 9 hours while 
the para isomer is split to the extent of about 40% in 7 hours.** 
2-Halophenolsulfonic acids are likewise easily hydrolyzed, a reaction 
utilized in the synthesis of the o-halophenols.*> Bruckner ** found that 
the temperatures required for the hydrolysis of phenolsulfonic acids 
varied enough so that a mixture of coal-tar phenols could be partially 
separated by sulfonation and gradated hydrolysis. The temperatures 
in Table IV indicate the boiling points of the dilute sulfuric acid solu- 
tions necessary for cleavage to occur. 

The conversion of catechol mono and disulfonic acids *7 into cate- 
chol, and of pyrogallol-4-sulfonic acid into pyrogallol by acid hydrol- 
ysis has been mentioned in the patent literature.°° Hydroquinone- 
tetrasulfonic acid hydrogen sulfate by heating with water or acid re- 
verts to a disulfonic acid. 

2-Naphthol-1-sulfonie acid hydrolyzes even more easily than a sul- 
fonated phenol.® 1-Naphthol-2,4-disulfonic acid when warmed with 
hydrochloric acid ® yields a mixture of the 2- and 4-monosulfonic 
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TABLE IV 
Hypro.ysis or PHENOLSULFONIC AcIDS 
Sulfonic Acid Temperature, °C. 
Phenol-4- 123-125 
2-Methylphenol-4- 133-135 
3-Methylphenol-4- 116-119 
4-Methy|lphenol-2- 133-136 
2,3-Dimethylphenol-4- 115-118 
3,4-Dimethylphenol-6- 107-111 
2,6-Dimethylphenol-4- 124-128 
2,5-Dimethylphenol-4- 114-118 
2,4-Dimethylphenol-6- 121-125 


acids. It is interesting to note that 1-hydroxy-4,7-disulfo-2-naphthoic 
acid ® with dilute sulfuric acid loses the 4-sulfo group while with 3% 
hydrochloric acid, carbon dioxide is eliminated. 1-Hydroxy-4-sulfo- 
2-naphthoie acid is rapidly converted into 1-naphthol with dilute sul- 
furic acid. 

Removal of the sulfonic acid groups from a variety of other naph- 
thol- ® and dihydroxynaphthalenesulfonic acids *** has been re- 
ported. 

Aniline and Naphthylaminesulfonic Acids. The unusual behavior 
of aminosulfonic acids in solutions of increasing acid concentration 4 
has been mentioned in the first part of this section. As might be ex- 
pected from this, 4-methylaniline-2,6-disulfonic acid ** when heated 
with water at 140° loses only one of the sulfo groups as do certain 
aminonaphthalenedisulfonic acids,*? and aminonaphthalenetrisulfonic 
acids.*7¢.68 Jt is sometimes possible, however, to obtain the unsulfo- 
nated amine. Naphthionic acid is quickly hydrolyzed to 1-naphthyl- 
amine ® when heated with a solution made from two volumes of sul- 
furic acid to one of water at 180°. 1-Aminonaphthalene-3,8-disulfonic 
acid 7° when heated with water gives ammonia and the naphthol. Di- 
lute acid removes the 8-sulfo group and then ammonia is eliminated, 
producing 1-naphthol-3-sulfonic acid. The 1-amino-4,6,8-trisulfonic 
acid in similar manner yields the naphthol-6,8-disulfonic acid. An- 
other variation of this reaction is seen in the behavior of 1,5-amino- 
naphthol-2,7-disulfonic acid ™ which loses one sulfo group. 


NHe NHe 
HOs OsH + HOs 
ho” + H2S0« 


OH OH 
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3-Amino-2-naphthol-7-sulfonic acid at 180~200° in acid solution 78 
loses both the sulfo and amino groups giving 2,3-dihydroxynaphtha- 
lene. Other aminonaphtholsulfonic acids behave similarly.% °7«. 74 

Hydrolysis of 2’-amino-4-nitrodiphenylamine-2-sulfonie acid with 
70% sulfuric acid produces o-phenylenediamine and the nitrophenol- 
sulfonic acid **® as well as some normal hydrolysis product. 


NOz NOz 
= + 
03H vHe O3H NH2 
cae aes OH NH2 


Anthracene and Anthraquinonesulfonic Acids. Heating sodium an- 
thracene-2,9,10-trisulfonate with 20% hydrochloric acid removes the 
9- and 10-sulfo groups.7** A sulfo substituent attached to either the 
1- or 2-position of the anthraquinone nucleus is hydrolyzed when the 
compound is heated with about 50% sulfuric acid ™* at 190-200° in 
the presence of a mercury salt.  8-Nitnoanthraquinone-1-sulfonic 
acid 7" poes to nitroanthraquinone under this treatment despite the 
fact that other reagents replace the nitro group first. A disulfonic 
acid such as the anthraquinone-2,6-disulfonic acid may be hydrolyzed, 
by regulating the reaction conditions, to the more useful 2-sulfonic 
acid.7° Hydroxyanthraquinonesulfonic acids in which the hydroxy! is 
ortho or para to the acid group hydrolyze under less severe reaction 
conditions than those required for the foregoing compounds,” and 
hence when two sulfo groups are present, one in an hydroxylated and 
the other in an otherwise unsubstituted nucleus, the former is removed 
preferentially.7”? In this connection the behavior of the isomeric sul- 
fonic acids derived from 1,2,4-trihydroxyanthraquinone (purpurin) is 
interesting. The 3-acid is hydrolyzed with dilute hydrochloric acid 
by heating under pressure 7 while the 8-compound requires the action 
of sulfuric acid in the presence of a mercuric salt and boric acid at 
190°. As might be expected, the 6- or 7-isomer is not affected by boil- 
ing dilute mineral acids.°° When the 3,8-disulfonic acid is heated with 
70% sulfuric acid at 180° the 3-sulfo group is lost, whereas if mercuric 
sulfate is added purpurin is the final product.** An interesting modi- 
fication of these hydrolysis reactions is that described by Marschalk.®? 
The leuco compounds derived from dyes, such as quinizarin-2-sulfonic 
acid, by warming in water or an alkali salt solution in the absence of 
air are converted into the unsulfonated hydroxyanthraquinones with 
liberation of sulfurous acid. 
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Fieser ®° has reported that when 1,2-anthraquinone-4-sulfonie acid 
is heated with methyl-alcoholic sulfuric acid an 85% yield of the 
4-methoxy compound results. Undoubtedly other similar compounds 
may show this anomalous behavior in acid solution. 

Sulfonic Acids from Heterocyclic Compounds. It has been claimed 
in the patent literature that several complex carbazolesulfonic acids * 
hydrolyze in dilute acid or water solutions at a high temperature under 
pressure. 


REPLACEMENT BY Hyprocen; Action or Repucinc AGENTS 


Since halogen derivatives of benzene and alkylbenzenesulfonic acids 
ean be dehalogenated by sodium amalgam and other reducing agents, 
it is evident that the sulfonie acid group is relatively inert against 
reduction when it is attached to a benzene nucleus. Apparently the 
only procedure capable of reducing benzenesulfonic acid to benzene 
and sulfite is electrolysis with a high current density in a strongly 
alkaline solution.*® Sulfanilic acid and p-phenolsulfonic acid under 
the same conditions show no change. The three sulfobenzoic acids are 
reduced, as is metanilic acid. 

The behavior of naphthalenesulfonic acids is quite different.t**¢ 
In a slightly acidic medium all ¢-naphthalenesulfonic acids are readily 
reduced by sodium amalgam, the sulfo group being replaced by hydro- 
gen and converted into sulfur dioxide, whereas the 8-sulfonic acids are 
only slowly affected at a much higher temperature. This distinction 
also holds in electrolytic reduction of the two types of acid. This dif- 
ference has proved useful in determining the structure of complex sul- 
fonation products of naphthalene and its derivatives and also commer- 
cially in the synthesis of naphthalene derivatives otherwise difficult to 
obtain.*? It is even possible to remove a sulfo group and leave a chlo- 
rine intact,®* thus reversing the behavior of halobenzenesulfonic acids. 
Since the two isomeric acenaphthenedisulfonic acids ** obtained by sul- 
fonating the hydrocarbon each lose one sulfo group when treated with 
sodium amalgam it is probable that the lost groups occupy alpha posi- 
tions in the nucleus. 

Electrolytic reduction ® is effective in removing the sulfo group from 
1-naphthylamine-4- and 5-sulfonic acids but not from the 1,6-, 1,7-, 
and 2,6-compounds. The 1,4- and 1,5-naphtholsulfonic acids reduce 
slowly while the 1,2- and 2,6-isomers are unaffected. 

In certain derivatives of the anthraquinonesulfonic acids sulfo 
groups may be eliminated by a variety of reducing agents. Anthra- 
quinone-2-sulfonic acid is reduced by sodium amalgam or zinc to the 
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anthracenesulfonic acid ® and sulfonated anthraquinonecarboxylic 
acids ** are likewise converted to anthracene derivatives by zinc and 
alkali while tin in a mixture of hydrochloric and acetic acids ®? reduces 
anthraquinone-1-sulfonie acid, the disulfonic acids, and hydroxysul- 
fonic acids to anthranolsulfonic acids. On the other hand, numerous 
hydroxy- and aminoanthraquinonesulfonic acids lose the sulfo group 
when treated with zinc in acid solution,®* or more commonly, with so- 
dium hydrosulfite in alkaline solution.** Because of the broad claims 
of the patents it is difficult to draw conclusions as to the effect of vari- 
ous substituents upon the ease of elimination of a sulfo group but it is 
obvious that an ortho or para hydroxyl] group facilitates the reaction. 


HALOGENATION OF SULFONIC ACIDS 


Chlorination of Aromatic Sulfonic Acids. In the halogenation of 
sulfonic acids several reactions may occur, depending upon the experi- 
mental conditions and the various groups that are attached to the aro- 
matic nucleus. The chlorination of sulfonic acids has not been studied 
as extensively as bromination which will be taken up in the next sec- 
tion. 

Chlorination in aqueous solution usually leads to replacement of the 
sulfo group although this may not be the first step in the reaction. 
p-Bromobenzenesulfonic acid with chlorine in warm water gives 
p-chlorobromobenzene, p-xylenesulfonic acid yields 2,5-dichloro-p-xy- 
lene, mesitylenesulfonic acid is converted into the trichloromesitylene,** 
and m-cymenesulfonic acid is first trichlorinated followed by replace- 
ment of the sulfo group.* 


CH3 CHa 


H O3H Ch Hcy Cl 1 
(CH3)2C (CHs)sC (CH3)2C 1 


1 


p-Toluenesulfonic acid with chlorine water or potassium chlorate 
and hydrochloric acid ®? gives the 4-methy]-3-chlorosulfonic acid, 
whereas with dry chlorine at 120-140° the side chain reacts.®8 


CHa CH2Cl 


+ Cle — $ + HCl 
OsNa OsNa 
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If a nitro group is para to the methy!] as in p-nitrotoluene-o-sulfonic 
acid, aqueous sodium hypochlorite causes oxidation with junction of 
the side-chain carbons » to give a dibenzyl or a stilbene derivative. 


CHs CH=CH 
OsNa OsNa OsNa 
2 + 2Na0Cl — + 2NaCl + 2H,0 


NOz NOz NOz 


Chlorination of 1-naphthalenesulfonic acid with sodium chlorate 
and hydrochloric acid '°° has been reported to give chiefly the 5-chloro- 
sulfonic acid while the 2-isomer substitutes in the 5- and 8-posi- 
tions. However, in boiling dilute hydrochloric acid, potassium 
chlorate has more recently +” been found to give a mixture of di- 
chloronaphthalenes with both sulfonates. The 1,6-dichloronaphthalene 
is the chief product from the 1-sulfonic acid and the 2-acid gives about 
50% of the 2,6-compound. The dichlorination does not occur at 50- 
60°. The naphthalenesulfonyl chlorides with chlorine in carbon di- 
sulfide give addition products, the unsubstituted ring reacting.1°°* By 
treating the addition compound with alkali the 5,7-dichloronaphtha- 
lenesulfonic acid results. 


S02Cl “$0201 80:2Cl 


It has been shown by eee 102) that the action of thiony] chloride 
at a high temperature upon sulfonic acids or their salts replaces the 
sulfo group by chlorine. 


Cl Cl 
+ SOChk — +? 


S03H 1 


Recently *°?¢ numerous sulfonic acids have been found to undergo re- 
action with cupric chloride when heated with this salt to a high tem- 
perature in a copper flask with replacement of the sulfo group with 
chlorine. The yield of halogen compound is not high. Best results 
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reported were for m-xylenesulfonic acid which gave 9 g. of chloroxy- 
lene from 25 g. of acid and an equal weight of cupric chloride. 
4-Bromonaphthalene-1-sulfonic acid with chlorine gives 1-chloro-4- 
bromonaphthalene.’°* Various nitronaphthalene-«-sulfonic acids react 
«With chlorine or chlorinating agents? to yield the corresponding ni- 
trochloronaphthalenes. Naphthalene-2,7-disulfonic acid reacts only 
by substitution. 


HO;S SO3sH HO38S O3H 
+ Ch — + HCl 


Cl 


Chlorination of anthraquinone-1-sulfonic acid }°5 in oleum solution 
gives the 5,8-dichloro compound but under other conditions the sulfo 
group is replaced, regardless of whether this occupies the alpha or beta 
position. The chlorinating agent most frequently employed has been 
an alkali chlorate and hydrochloric acid.1°° By the use of the proper 
amount of sodium chlorate and hydrochloric acid either one or both 
of the sulfo groups of anthraquinonedisulfonic acids may be replaced 
with chlorine.?°? 


i i 
C S0O3sH C SOsH 
\ 
NaClO,+HCl 
—— 
HO3S8 i Cl ji 
O 


The sulfo groups of the 2-methylanthraquinonc-4-sulfonic acid and 
-1,4-disulfonic acid are also readily replaced by chlorine when boiled 
with aqueous potassium chlorate and hydrochloric acid.* 

Compounds in which the sulfo group is ortho or para to hydroxy] 
are chlorinated readily to give sulfur-free compounds. The mono, di, 
and trisulfonation products of phenol all yield 2,4,6-trichlorophenol *° 
although the yield is small for the trisulfonic acid. Somewhat similar 
results were obtained with sulfonic acids derived from the cresols, 
thymol, carvacrol, and p-xylenol,®° and o- and p-nitrophenol.’ In 
these chlorinations an indefinite amount of chlorine was used so it is 
difficult to evaluate the results. 

Other investigators have shown that phenol-p-sulfonic acid may be 
treated with chlorine *?° or potassium chlorate and hydrochloric acid 
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without replacing the sulfo group. A more satisfactory method is to 
carry out the chlorination in nitrobenzene solution,** hydrolysis of 
the resulting chlorinated sulfonic acids giving a 70% yield of 2,6-di- 
ehloropheno] and 17% of 2-chlorophenol. 3-Chlorophenol]-6-sulfonic 
acid is converted by barium hypochlorite into the 2,3,4-trichloro com- 
pound without removing the sulfo group.47%6 The 4,6-disulfonic 
acid similarly yields the 2,3-dichloro compound. 


OH () 
SOsH BaOCha HO, 


Cl 
S03H a 


Chlorination of m-cresoldisulfonic acid in fuming sulfuric acid 21% fol- 
lowed by hydrolysis gives 2-chloro-m-cresol indicating that the sulfo 
groups are not affected under these conditions. The ortho and meta 
cresolsulfonie acids may also be chlorinated in nitrobenzene solu- 
tion.174 

2-Nitrophenol-4-sulfonie acid with chlorine in alecho! solution yields 
the 6-chloro compound ?** while with excess chlorine 4,6-dichloro-2- 
nitrophenol results.1°8 2-Methylphenol-4-sulfonie acid behaves analo- 
gously.?!¢ 

The exhaustive chlorination of anisole- and phenetolesulfonic 
acids ?° gives a mixture of tetrachloroquinone (chloranil} and a tetra- 
chloroketodihydrobenzene. 


O ‘ O 
OR & | 


/ 
Cl Cl’ NCI 
+ 
0" cl 
SO3H I Cl 
cr «ca 


It was assumed that trichlorophenol is an intermediate in the reactions. 
Catechol-4-sulfonic acid yields tetrachloro-o-quinone,®® and orcinol- 
disulfonic acid, a pentachloro compound.'®® Hydroquinonesulfonic acid 
gives the tetrachloroquinone.*® 
Sulfonic acids derived from o-, m-, and p-hydroxybenzoic acids when 
treated with chlorine lose the sulfo but not the carboxy groups.’ 
The action of aqueous sodium hypochlorite upon p-cresoldisul fonic 
acid 1” gives as a final product a lactone believed to belong to the 
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sugar group since upon concentration of the aqueous solution an odor 
of caramel developed. A structure for the compound was proposed 
but the evidence for it is incomplete. 

The chlorination of various polyhydroxyanthraquinonesulfonic 
acids 148 results in replacement of the sulfo groups as in the benzene 
series. 

Aminosulfonic acids react with chlorine very much as do the hy- 
droxy compounds. Metanilic acid is converted into chloranil by pass- 
ing a stream of chlorine through an aqueous solution of the acid ''® 
while ortho and p-nitranilinesulfonic acids?** yield dichloronitrani- 
lines. 1-Aminoanthraquinone-2-sulfonic acid reacts without loss of 
the sulfo group,!”° the 4-chloro compound resulting. The chlorina- 
tion of 1-amino-2-hydroxynaphthalene-4-sulfonic acid '*** produces a 
chloroimine. Best yields were obtained in a solution of potassium 
acetate. 


NCI 
NH2 I 
OH Ch =O 
—»> 
HO 
O3H SO3H 


Sulfur dioxide reduces the chloroimine to the origina] sulfonic acid. 
Chloroimines were also obtained without loss of the sulfo group from 
the 1-hydroxy-2-amino-4-sulfonic acid and the 1,4-diamino-6-sulfonic 
acid. 2-Acetaminonaphthalene-6-sulfonic acid chlorinates in the 1-po- 
sition without replacement of the sulfo group.32?® 

Bromination of Sulfonic Acids. A great many sulfonic acids have 
been brominated, practically all the reactions having been carried out 
in aqueous solution. Depending upon the substituents present in the 
aromatic ring there results either a bromosulfonic acid, an aryl bromide 
from which the sulfo group has been eliminated, or a mixture of both 
types. The presence of a hydroxy or amino group ortho or para to 
the sulfo group favors its replacement with bromine. Replacement 
also occurs readily with the polyalkylbenzene derivatives. 

Heating benzenesulfonic acid with bromine and water in a sealed 
tube !?? to 150° gives chiefly m-bromobenzenesulfonic acid together 
with some bromobenzene and sulfuric acid. It is uncertain whether 
the bromobenzene arises from replacement of the sulfo group, hydrol- 
ysis of the m-bromobenzenesulfonic acid, or bromination of benzene 
(from hydrolysis of benzenesulfonic acid). At 100° or lower no bro- 
mobenzene was noted.*5 328 The action of bromine upon an aqueous 
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solution of silver benzenesulfonate *+125 gives m-bromobenzenesul- 
fonic acid readily. Silver m-bromobenzenesulfonate in turn yields a 
mixture of the 3,4- and 3,6-dibromobenzenesulfonic acids. The 3,4- 
acid also results from silver p-bromobenzenesulfonate and bromine.}7¢ 
The 3,4-dibromosulfonate in turn gives a small amount of a tribromo- 
benzenesulfonic acid, probably the 3,4,5-compound. The action of ex- 
cess bromine upon p-bromobenzenesulfonic acid in water gives 1,2,4,5- 
tetrabromobenzene, the sulfo group being replaced.®* -Iodobenzene- 
sulfonic acid was reported to not react with bromine. 

p-Toluenesulfonic acid after four days standing with bromine water 
gives a 40% yield of 2,4,5-tribromotoluene.®® The reaction with one 
mole of bromine has apparently not been studied. The statement has 
been made * that ethylbenzenesulfonic acid docs not react with bro- 
mine. 

When 1,2-dimethylbenzene-4-sulfonic acid ?*7 is treated with bro- 
mine water there results a number of products as shown below. 


CHs CHs 
Cpe ae ee == ay “A ; Oi 
B B 

NOsH S03 O3H Sr 


m-Xylene-4-sulfonic acid behaves similarly.1°7128 With a large ex- 


Cuenca 


SO3H SO03H 


cess of bromine the tetrabromo-m-xylene is formed,** undoubtedly by 
further bromination of the 4,6-dibromo compound. A small amount 
of the 4,6-dibromo-m-xylene also results by the action of bromine 
upon the corresponding disulfonic acid.1*® This reaction was used to 
prove the structure of the acid. 

p-Xylenesulfonic acid behaves similarly to the other xylene deriva- 
tives. With an excess of bromine water “more than a 50% yield” of 
2,5-dibromo-p-xylene was isolated.* 

Bromination of m-cymenesulfonic acid in hydrobromic acid at 40° 
gives a mixture of two compounds as shown. From 175 g. of the 
barium sulfonate there results 62 g. of the crude bromo-m-cymene 
containing a little dibromo compound.’*° The structure of the bromo- 
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HC(CHs)e HC(CHsa)2 HC(CHsa)2 
Brg a B 
CHg CH3 CH3 
SO3H Br SO3H 


sulfonic acid is probable but not proved. When treated with bromine 

water it is converted into the corresponding dibromo-m-cymene.*4”° 
p-Cymenesulfonic acid behaves similarly except that a higher yield 

of the bromo-p-cymene is obtained.4#. #81. The structure of the bromo- 


CHy CH, CH; 
S0:H iy, Br O3H 
“4, + (?) 
B 
CH(CHs)2 CH(CTTs)2 CII(CHs)2 


sulfonic acid is questionable. m-Butyltoluenesulfonic acid reacts with 
bromine analogously to m-cymene.??* 

Several trialkylbenzencsulfonic acids have been brominated. 1,2,4- 
Trimethylbenzene-5-sulfonic acid when heated with bromine water on 
the steam bath *** gives a 76% yield of the bromopseudocumene. 


CHs CH; CHs 
CH: ,,, CHs CHs 
—— >} + 
HO:S B HO;8 Br 
CH3 CH3 CH3 


The 6-sulfonic acid similarly gives the 6-bromo compound. Mesity- 
lenesulfonic acid with one mole of aqueous bromine *** gives a mixture 
of bromomesitylene and bromomesitylenesulfonic acid. With an excess 
of bromine 2,4,6-tribromomesitylene results.°° Mesitylencdisulfonic 
acid is reported +*5 to give dibromomesitylene while the trisulfonic acid 
does not react with bromine. Bromination of sodium 1,3-dimethyl-5- 
ethylbenzene-2-sulfonate in hydrochloric acid *8* gives the 4-bromo 
sulfonic acid. 1,3,5-Trimethyl-2-n-propylbenzene-4-sulfonic acid 
yields the 4,6-dibrominated hydrocarbon.'** Octhracene-(octahydro- 
anthracene) -9-sulfonic acid reacts readily with bromine *8* in acid so- 
lution with replacement of the sulfo group while in acetic acid the 
9,10-dibromo compound results. Treating an aqueous solution con- 
taining a mixture of biphenyl-4-sulfonic acid and 4,4’-disulfonic acid * 
with bromine gives a 13% yield of 4,4’-dibromobiphenyl. 
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The remark that sulfonic acids of dibenzyl and triphenylmethane 
do not react with bromine ®* would seem to require further investiga- 
tion. 

The behavior of the naphthalenesulfonie acids toward bromine var- 
ies with the position of the sulfo group. a-Naphthalenesulfonic acid 
when brominated in aqueous solution gives a mixture of 1,4- and 
1,5-dibromonaphthalenes, and 5-bromonaphthalenesulfonic acid. 14° 
The statement has also been made?” that bromination yields naph- 
thalene, 1,5-dibromonaphthalene, and 1,7-dibromonaphthalene but no 
experimental details were given. @-Naphthalenesulfonic acid yields a 
mixture of sulfonic acids ?#%2*1 as shown below. The structure of the 


Br Br 
SO3H Bra H,0 03H O3H O3H 
> + + 
Br Br 


dibromosulfonic acid is uncertain. Naphthalene-1,5-disulfonic acid 
gives a dibromosulfonic acid ‘# as does the 1,6-compound.**? Bromi- 
nation of 4-chloro- or 4-bromonaphthalene-1-sulfonic acid results in 
replacement of the sulfo group.7* 

Replacement of the sulfo groups of the apitemaulinonesultonie acids 
with bromine apparently requires vigorous reaction conditions. Thus 
heating anthraquinone-1,5-disulfonic acid to 240° with bromine and 
water in a sealed tube for 24 hours gives a quantitative yield of 1,5- 
dibromoanthraquinone while at 200° for 20 hours only 30% of this 
product results, the remainder being 1-bromoanthraquinone-5-sulfonic 
acid.1°%? Bromination of the 1,8-disulfonic acid, 1-chloroanthraquinone- 
5-sulfonic acid, and the 8-sulfonic acid yields in each case the corre- 
sponding bromine compounds in yields of 80%, 63%, and 36% respec- 
tively. The 1,6-dibromoanthraquinone was obtained in 10% yield 
from the disulfonic acid by bromination at 220° for 30 hours. 

Phenanthrene-3-sulfonic acid brominates readily in aqueous solu- 
tion, the bromine entering the 9- or 10-position. The statement that 
retenesulfonic acids do not brominate ** was accompanied by no ex- 
perimental] data. 

Although sulfonic acid groups are easily displaced by bromine when 
ortho or para to hydroxyl it is possible to brominate such compounds 
without displacement occurring. This has been demonstrated for 
phenol-o- **5* and p-sulfonic ?#°%148 acids, nitrophenolsulfonic acids,*** 
and phenol-2,4-disulfonic acid?4* in aqueous solution. Here bro- 
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mine replaces the para sulfo group before the ortho. This is in con- 
trast with the behavior of 2-nitrophenol-4,6-disulfonic acid +*° which 
first yields the 6-bromo compound. By the action of excess bromine, 
phenolsulfonie acids *2*150 and nitrophenolsulfonie acids 74? lose 
all the sulfo groups ortho and para to hydroxyl. Phenol-p-sulfonic 
acid substitutes only in the ortho position if treated with bromine in 
an anhydrous solvent, nitrobenzene 274 being the most satisfactory 
medium. 

Phenol-m-sulfonic acid brominates to the 2,4,6-tribromo com- 
pound **! without loss of the sulfo group. 

The cresolsulfonic acids °° 144152 give results entirely analogous to 
those of phenol. p-tert-Butylphenol-,* thymol-** (2-isopropyl- 
5-methylphenol), and carvacrol- #5 (2-methyl-5-isopropylphenol) sul- 
fonie acids have been converted into bromosulfonic acids and then 
these have also been completely brominated to the dibromophenols.™® 
Similarly, 1,2,4-xylenolsulfonie acid gives the 3,6-dibromoxylenol 
and that of 1,3,4-xylenol brominates to the 2,5,6-tribromoxylenol. 

Phenolsulfonic acids containing a carboxyl group may also lose this 
substituent if excess bromine is added. 5-Sulfo-2-hydroxybenzoic acid 
reacts with one molecule of bromine '®* as shown in the equation. 


OH OH 
um fin Om 
—» 


S03H S03H 


With an excess of the halogen tribromophenol is obtained. Sulfo- 
p-hydroxybenzoic acid behaves analogously.** A nitrosulfosalicylic 
acid 14° has also been brominated. 


OH OH 


OeoN, OOH OoN, r 
+ 2Bre + H20 - + H280,4 + CO2 + 2HBr 


03H Br 


Ethers of phenol-p-sulfonic acid for the most part differ from the 
phenolic compounds in that bromine replaces the sulfo group before 
substitution in the ortho positions takes place. Although p-methoxy- 
benzenesulfonic acid, 3-methyl-4-methoxybenzenesulfonic acid *** and 
the 2-methy] isomer,**’ and the 2-sulfo-5-methoxybenzoic acid #57 be- 
have in this manner it has been reported *** that p-ethoxybenzenesul- 
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fonic acid gives a mixture of 2-bromo-4-sulfo- and 2,4-dibromophene- 
tole. This difference in directive influence of the methoxy and ethoxy 
groups should be further investigated. Bromination of phenoxyben- 
zene-4-sulfonic acid with one mole of bromine in water *** gives the 
4’-bromo derivative while with a second mole of bromine the sulfo 
group is displaced. One or both of the sulfo groups in the 4,4’-disul- 
fonic acid may be replaced. 


a SO3H SO3H Br 


———()-——— 4 on Qo 


The dihydroxybenzenesulfonic acids are very reactive toward bro- 
mine. Catechol-4-sulfonic acid is oxidized,®* resorcinolsulfonic acid 
gives 2,4,6-tribromoresorcinol, and hydroquinonesulfonic acid is con- 
verted into 2,3,5-tribromohydroquinone. 

Both of the sulfonic acids obtained from guaiacol upon careful 
bromination yield dibromo derivatives without loss of the sulfo 
group.’ The structures of these compounds have not been ascer- 
tained. Orcinolsulfonic acid yields a pentabromo compound ® and 
tribromoorcinol. 


Br Br 
0 
HOY SoH, «390. SY” \% 
OsH Bry XB 
CHs CH, 


A sulfonic acid derived from 2,4-dihydroxybenzoic acid with bromine 
yields 2,4,6-tribromoresorcinol; which group is replaced first was not 
determined.®® : 

Bromination of a sulfonic acid obtained from pyrogallol-1,3-di- 
methy! ether ?©° gives either a dibromosulfonic acid or a dibromopyro- 
gallol dimethy! ether, depending upon the temperature. The latter 
compound is produced at 100°. The structures of these compounds 
are unknown. 

A few naphtholsulfonic acids have been brominated. Where re- 
moval of the sulfo group occurs it is accompanied by quinone forma- 
tion. Naphthosultone with bromine in acetic acid ** gives the 4-bromo 
derivative. 
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This also results from sodium naphthosultonc-4-sulfonate and 1-naph- 
thol-4,8-disulfonate. Excess bromine converts sodium 1-naphthol-8- 
sulfonate, 1-naphthol-2,4,8-trisulfonate, and the -3,8-disulfonate into 
2,3-dibromo-1,4-naphthoquinone-8-sulfonate. The  -3,8-disulfonate 
gives first the 4-bromo derivative. Treatment of zinc 1-naphthol-4- 
sulfonate with bromine gives the following series of products. 


OH OH OH 
Br Br 
— —_ _ 
Br 
SO3zn SO3H SO03H 
O 
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The sulfo derivatives of #-naphthol undergo bromination without 
quinone formation. The 2-naphthol-1-sulfonic acid has not been in- 
vestigated, however. 

The reaction of bromine in aqueous solution with o-aminobenzene- 
sulfonic acid results in the formation of the mono and dibromoamino- 
sulfonic acids and 2,4,6-tribromoaniline, even when only one mole of 
bromine is used,’* part of the original acid remaining unbrominated. 
The addition of a second mole of bromine of course increases the yields 
of the di- and tribrominated compounds.“ In the bromination of 
sulfanilic acid it is possible to introduce two bromine atoms quantita- 
tively without loss of the sulfo group ?* if the reaction mixture is kept 
at 0°. At 20° or above with excess bromine tribromoaniline is formed 
in the theoretical amount.®* 15 The results are the same whether a 
solution of bromine in water, potassium hypobromite, or potassium 
bromate-bromide with acid is the source of bromine. The reaction has 
also been carried out in hot glacial acetic acid.1* 
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The bromination of metanilic acid proceeds by the steps shown, 
oxidation occurring as the last stage with formation of bromanil.1° 
By carrying out the reaction at room temperature it is possible to stop 
at the tribromination stage. Aniline-3,5-disulfonic acid gives a di- 
bromo compound of uncertain structure. 


O 
4 2 Ml 
Br Br Br Br 
ae = | | 
SOsH SOsH B Br 
B 


r II 


Analysis of a mixture of the ortho, meta, and para anilinesulfonic 
acids by bromination is easily carried out 1°? either by determining 
the amount of sulfuric acid set free or weighing the tribromoaniline 
precipitate. If the mixture contains sodium sulfate as an impurity 
titration of the solution containing the tribromometanilic acid with 
sodium nitrite after removal of the tribromoaniline is a satisfactory 
alternative. Bromination of 5-chloroaniline-2-sulfonic acid ‘47° gives 
2,4,6-tribromo-5-chloroaniline. 

Bromination of the sulfonation products from ortho and para nitro- 
aniline produces the corresponding dibromonitroanilines and from a 
m-nitroanilinesulfonic acid a tribromo compound results as from met- 
anilie acid.** A mixture of m-toluidine mono and disulfonic acids 
gives a high yield of tribromo-m-toluidine but the sulfonation products 
of the ortho and para isomers do not react as satisfactorily, some oxi- 
dation occurring when excess bromine water is used. However, it is 
possible to brominate these compounds readily with bromide-bromate 
mixture.?”° 

Diphenylamine-4-sulfonic acid has not been brominated in aqueous 
solution so its behavior cannot be compared with that of phenyl] ether 
derivatives. In suspension in carbon tetrachloride the sodium salt 
gives first the 4’-bromo compound and then a tribromo derivative 
without loss of the sulfo group.17? The 4,4’-disulfonic acid first yields 
the 2,2’-dibromo compound and then 2,2’,4,4’-tetrabromodiphenyl- 
amine. 

SO3Na SOzsNa = Br SOsNa = Br 


_~ _ 
Br r 
N <——_N—— —-N— 
H H 
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Bromination of 1-naphthylamine-4-, -5-, and -8-sulfonic acids with 
excess of the halogen gives 2,4-dibromo compounds, the sulfo group 
being lost in the first instance.!72_ On the other hand the 2-naphthyla- 
mine-5-, -6-, and -7-sulfonic acids monobrominate in the 1-position. 
However, the 2-naphthylamine-3,6- and -6,8-disulfonic acids yield di- 
bromo compounds, one sulfo group being lost, quite probably the one 
in the 6-position. Bromination of a variety of aminonaphtholsulfonic 
acids always gives rise to naphthoquinone derivatives. 

Bromination of 2-methylglyoxaline-5-sulfonic acid in cold water so- 
lution gives a small amount of the 4-bromo compound together with 
decomposition products and unchanged starting material,!7* while gly- 
oxaline-4-sulfonic acid yields a little 2,4,5-tribromoglyoxaline. 

Recently 7°" it has been found that low yields of bromo compounds 
can be made by heating sulfonic acids with cupric bromide to a high 
temperature. The poorest yield reported was obtained from 2-naph- 
thylamine-6,8-disulfonic acid which gave 1 g. of the 6,8-dibromo-2- 
naphthylamine from 25 g. of acid. 

Iodination of Sulfonic Acids. Iodination of phenolsulfonic acids is 
readily effected by any one of several procedures but in only one in- 
stance has the replacement of a sulfo group by iodine been reported. 

Treating phenol-p-sulfonic acid in acid solution with potassium 
iodide and iodate results in the formation of the 2,6-diiodosulfonic 
acid. Similarly the 2,4-disulfonic acid is converted into the 6-iodo 
compound.?75 2-Methylphenol-4-sulfonie acid, 3-methylphenol-4-sul- 
fonic acid and thymol-p-sulfonic acid have been iodinated ?”* by the 
same reagents. 

Another method of iodination consists in the action of mercuric 
oxide and iodine, usually in alcohol solution, upon the sulfonic acid 
derivative. 2-Nitrophenol-4-sulfonic acid 74° and 4-nitrophenol-2- 
sulfonic acid 47> have been iodinated in this manner. In the latter 
reaction a little 2,6-diiodo-4-nitrophenol was also formed. 

Iodine monochloride has been utilized in diiodinating phenol-o-sul- 
fonic acid}”" and in the iodination of p-cresol-o-sulfonic acid and 
thymol-p-sulfonic acid. In hot acetic acid solution 2,6-dibromoani- 
line-4-sulfonic acid is converted into the 4-iodo compound.}*° The 
sulfo group in general was found to be more readily replaced than 
carboxyl. 


Nrrration or SutFonic Acips 
The nitration of sulfonic acids may lead to displacement of the 


sulfo group; this is particularly true for phenolsulfonic acids and oc- 
curs with other types when nitrogen oxides are used as the nitrating 
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agent.178 Aside from the occasions where replacement occurs the chief 
interest in the nitration reactions is in the information they give con- 
cerning the directive influence of the sulfo group. These results are 
best presented in tabular form exeept for several of the more thor- 
oughly studied reactions. 

Nitration of benzenesulfonic acid gives a mixture of the three iso- 
mers,’”* the distribution of these being 27% ortho, 54% meta, and 
12% para.’*® Separation of these is possible through the iron salts.18? 
m-Nitrobenzenesulfonic acid with oleum and nitric acid 8 gives 3,5- 
dinitrobenzenesulfonic acid, and benzene-1,3-disulfonic acid when re- 
fluxed with oleum and fuming nitric acid for 8 hours gives a 50% yield 
of the 5-nitro compound together with some of the 4-isomer.!* 

The products obtained in the nitration of various derivatives of 
benzenesulfonie acid are shown in Table V. 


TABLE V 
NITRATION OF BENZENESULFONIC AcID DERIVATIVES 
Substituent(s) and Reference(s) Position(s) of Nitro Group(s) 

4-Fluoro-! 2- 
4-Chloro* 2- 
4-Chloro-3-nitro-* 5- 
2-Chloro-5-nitro-‘ 3- 
2,4-Dichloro- 5- 
3,4-Dichloro-* 6- 
2-Bromo-" 5- and 3- (trace) 
4-Bromo-® 3- 
3,4-Dibromo-* 6- 
3,5-Dibromo-® 2- 
2,4-Dibromo-!! 5- 
2,5-Dibromo- 3- (7) 
2,4,6-Tribromo-") !% 4 3- then 3,5-di- 


3,4,5-Tribromo-” 
2,4,5-Tribromo-% 
2,3,4,5-Tetrabromo-4 
2,3,4,6-Tetrabromo-" 


1 Holleman, Rec. trav. chim., 84, 31 (1905). 

2 Fischer, Ber., #4, 3187 (1891). 

3 Ulmann and Kuhn, Ann., 366, 102 (1909). 

4Ulmann and Herre, Ann., 866, 112 (1909). 

5 Badische Anilin- und Sodafabrik., German pat., 120,345, Chem. Zentr., I, 1127 (1901). 
6 A.-G. fir Anilinfabrik, German pat., 175,022, ibid., IT, 1536 (1906). 

7 Bahlmann, Aan., 166, 315 (1877). 

8 Goslich, Ann., 160, 98 (1876); Fricke, J. prakt. Chem., (2] 8, 225 (1870). 

§ Goslich, Ann., 186, 152 (1877). 

0 Lens, Ann., 181, 32 (1876). 

11 Bassmann, Ann., 191, 235 (1878). 

12 Borns, Ann., 167, 358 (1877); Hbner and Williams, Ann., 167, 121 (1873). 
4% Knuth, Ann., 166, 296 (1877). 

M4 Langfurth, Ann., 191, 184 (1878). 

15 Spiegelburg. Ann., 197, 297 (1879). 


TERY 
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The action of the nitrogen oxides from arsenic trioxide and nitric 
acid upon the p-chloro, p-bromo, and p-iodobenzenesulfonic acids 


TABLE VI 
NirraTion oF Derivatives oF ALKYLBENZENESULFONIC ACIDS 


Substituent(s) and Reference(s) Position(s) of Nitro Group(s) 


2-Methyl-! 5-, then 3,5-di- 
4-Methyl-!* 2 5 3-, then 3,5-di- 
3-Methyl-4-chloro-* 5 5- and 6- 
2-Methyl-4-chloro-5 5- 
4-Methyl-3-chloro- 6- 
2-Methyl-5-bromo-" 8 3- (?) 
2-Methyl-4-bromo-® ® 5- 
3-Methyl-4-bromo-" 1 ? 
3-Methyl-6-bromo-" 8 ? 
4-Methy]l-3-bromo-"! ? 
3,4-Dimethyl-" 2-, 5-, and 6- 
2,4-Dimethyl-!3 14 15 3-, 5-, 6- (?), and 
then 3,5-di- 
2,4-Dimethyl-5-nitro-1% 6- and 3- 
2,5-Dimethyl-* 3-, 6-, and 4- (trace) 
2-Methyl-5-isopropyl-4-chloro-"” ? 
2-Methyl-4-tert-butyl-" 3,5-di- 
2,4,6-Trimethyl-” 3- 


1 (a) Schwanert, Ann., 186, 349 (1877). (b’ Hirwe and Jambhekar, J. Indian Chem. Soc., 11, 239 


(1934). 
2 Bek, Z. Chem., 210 (1869). 
3 Fichter and Bernoulli, Ber., 42, 4309 (1909); Beilstein and Kuhlberg, Ann., 186, 19 (1870); Marck- 


wald, Ann., 974, 349 (1893); Reverdin and Crépieux, Bull. sec. chim., [3] 26, 1043 (1901); Ber., $4, 
2995 (1901). 

4 Wynne and Greaves, Chem. News, 72, 58 (1895). 

5 Davies, J. Chem. Soc., 191, 787 (1922). 

6 Schraube and Romig, Ber., 26, 579 (1893). 

7 Schafer, Ann., 174, 365 (1874). 

8 Hiibner and Hasselbarth, Ann., 169, 22 (1873). 

9 Weckwarth, Ann., 178, 196 (1874). 

10 Pagel, Ann., 176, 294 (1875); Hibnor and Miller, Ann., 169, 42 (1878). 

11 Hayduck, Ann., 174, 347 (1874). 

12 Simonsen, J. Chem. Soc., 108, 1149 (1913). 

13 Harmsen, Ber., 18, 1559 (1880). 

14 Karslake and Morgan, J. Am. Chem. Soc., 80, 828 (1908). 

15 (a) Limpricht and Gronow, Ber., 18, 2192 (1885). (6) Claus and Schmidt, Ber., 19, 1418 (1886) 

16 Karslake and Huston, J. Am. Chem. Soc., 86, 1245 (1914). 

17 Carrara, Gazz. chim. ital., 19, 170 (1889). 

18 Nélting, Ber., 28, 787 (1892). 

19 Rose, Ann., 164, 56 (1872). 


leads to the formation of the corresponding nitro compounds by dis- 
placement of the sulfo group.*™ 

The positions taken by the nitro group when various homologs of 
benzene and their derivatives are nitrated are shown in Table VI. 
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In addition, several nitrations in which the sulfo group is replaced 
are on record. 2,4-Dimethylbenzenesulfonic acid gives as a by-prod- 
uct ?®* trinitro-m-xylene. A similar change occurs with 2-methyl-4- 
tert-butylbenzenesulfonic acid.1®* In the reaction of boiling nitric acid 
upon 2-methyl-5-hromobenzene-1,3-disulfonic acid 4** at least three 
products are formed. 


CH CH; COOH 
a8 awe SOaH nie me 
Sr Noz 


A most remarkable replacement of the isopropyl] group occurs in the 
nitration of 2-methy]-5-isopropylbenzencsulfonice acid.187 


CHs CH; 


03H 03H 
+ HNO; - +? 


H(CHs)2 NO2 


Nitration of 3-sulfobenzoic acid *° occurs in position 5. 

The nitration of p-sulfophenylacetic acid occurs normally, the nitro 
group entering the ortho position.®® p-Sulfobenzyl cyanide when 
treated with nitrogen oxides in aqueous solution gives the p-nitro com- 
pound.278 

The action of nitric acid upon biphenyl-4-sulfonyl chloride yields 
mostly the 4’-nitro derivative. The 4,4’-disulfony] chloride also 
has been nitrated, the nitro groups probably entering the 2,2’-positions. 
In the case of the 2,2’-disulfony] chloride ** one would predict that 
the 4,4’-dinitrobipheny]l-2,2’-disulfonyl chloride would result. Appar- 
ently the structure was not determined. 

2’-(4-Sulfobenzoyl)-benzoic acid nitrates in the 4’-position.'*? 

Naphthalene-1-sulfonic acid *** (or the sulfonyl chloride) and the 
2-isomer 1** when nitrated yield the 4-, 5-, and 8-nitrosulfonic acids. 
The 4-nitro compound is always formed in small amount. Further 
nitration of 5-nitronaphthalene-1-sulfonic acid yields the 4,5-dinitro 
compound.?*® 5-Nitronaphthalene-2-sulfonic acid *** or the sulfonyl 
chloride #*7 also substitutes in the 4-position. The 8-nitrosulfonic acid 
likewise gives the 4,8-dinitro derivative." The nitration reactions 
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of the naphthalenedisulfonic acids are summarized in Table VII. 
Lantz '°** has reported in detail on the nitration of many naphthalene- 


sulfonic acids. 


TABLE VII 
NAPHTHALENEDISULFONIC 
Acips AND REFERENCES Position(s) or Nitro Group(s) 
1,41 5- 
1,5-* 35 3- and 4-; 3,8-di- 
1,6-« 5 8 and 3- (small amount); 
then 3,8-di- 
2,6-6 7 3-, then 3,8-di- 
2,7 3 4-, then 4,5-di- 


1 Bayer and Co., German pat., 70,857, Frdl., 8, 426. 

2 A.~G. fiir Anilinfabrik, German pat., 45,776, Frdl., 2, 253; Cassella and Co., German pat., 65,997 
Frdl., 8, 444; Schults, Ber., 28, 77 (1890). 

8 Friedlander and Kielbasinski, Ber., 29, 1980, 2574 (1896). 

«Ewer and Pick, German pat., 52,724, Frdl., 2, 253; Badische Anilin- und Sodafabrik, pat. appl., 
BQ514 and B9548, Frdl., 2, 269; Fricdliinder, Ber., 28, 1535 (1895); Armstrong and Wynne, Chem. 
Newa, 68, 124 (1891); Kalle and Co., German pat., 72,665, Frdl., 8, 481. 

5 Bernthsen, Ber., 2%, 3328 (1889). 

8 Alén, Ber., 17R, 437 (1884); Ber., 16, 570 (1883); Bull, soc. chim., [2] 89, 63 (1883). 

7 Cassella and Co., German pat., 61,174, Frdl., 8, 483; Bayer and Co., German pat., 126,198, Frdl., 6, 


445. 
8 Armstrong and Wynne, Ber., 29R, 225 (1896); Cleve, Ber., 28, 2485 (1892). 


The results obtained in the nitration of various chloronaphthalene- 
sulfonyl chlorides are tabulated in Table VIII. 


TABLE VIII 
NrITRATION OF CHLORONAPHTHALENESULFONYL CHLORIDES 
Position of Substituent and Reference(s) Position of Nitro Group 

1-Chloro-2-" 5- and 7- 
1-Chloro-3 5- 
1-Chloro-4+ 5- and 8 
1-Chloro-5 # 2- and 4- (?) 
1-Chloro-6-4 4- 
1-Chloro-7-++ 4- and 8 
2-Chloro-5-1 1- 
2-Chloro-6- 1- 
2-Chloro-7-* 1- 
2-Chloro-8+ 1- 


2 Cleve, Chem.-Zig., 17, 398 (1893). 

2 Cleve, tbid., 17, 758 (1893). 

8 Friedliinder, Karamessinis, and Schenk, Ber., BHB, 49 (1922); (sulfonic acid nitrated). 
4Cleve, Ber., 28, 2485 (1892). 


The nitration of acenaphthenesulfonic acid?” occurs as shown. 
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H2C-——CH2 HeC—CHo2 


03H O3H 
+ HNO; — + H20 


NO2 


The nitration of phenolsulfonic acids may or may not result in dis- 
placement of the sulfo group depending upon the structure of the sub- 
stance nitrated and the reaction conditions. In general a position 
ortho or para to hydroxyl is always nitrated before the sulfo group is 
removed. This latter is unaffected if it is meta to the hydroxyl. 

Phenol-p-sulfonic acid 2° and the methyl] ether 7? have been con- 
verted into the 2,6-dinitro compounds by the action of nitric acid. 
Mononitration of the phenolsulfonic acid 2° can be effected by addition 
of potassium nitrate to the sulfuric acid solution. Anisole-p-sulfony] 
chloride has been nitrated with nitric acid at ~5° to the 2-nitro 
derivative.?°? Phenol-o-sulfonic acid 2 nitrates para to hydroxyl and 
the 2,4-disulfonic acid may be converted into the 2,6-dinitro com- 
pound.?°> Phenol-m-sulfonic acid has been trinitrated.2°* Nitration 
of 2-chlorophenol-4-sulfonice acid *°* yields first the 6-nitro compound 
and then 4,6-dinitro-2-chlorophenol. 4-Chlorophenol-2-sulfoniec acid 
behaves in an exactly analogous manner.” 2,6-Dichlorophenol-4- 
sulfonic acid has been reported? to nitrate to 2-nitro-6-chloro- 
phenol-4-sulfonic acid with loss of a chlorine atom. Nitration of 
2-bromo-6-nitrophenol-4-sulfonic acid ?!° yields 4,6-dinitro-2-bromo- 
phenol. 2-Bromophenol-4,6-disulfonic acid #41 gives this and some 
4,6-dibromo-2-nitrophenol by a migration of a bromine atom. This 
last compound also arises from nitration of 2,4-dibromophenol-6-sul- 
fonic acid. 2,6-Diiodophenol-4-sulfonic acid 2174 with nitric acid gives 
picric acid. The behavior of 2-hydroxy-3-iodo-5-sulfobenzoic acid is 
particularly interesting. By the action of nitric acid the iodo, sulfo, 
and carboxy groups are replaced successively, showing their order of 
replacement clearly.?1#® The 2- and 3-methylphenol-4-sulfonic acids 718 
nitrate in the 6-position. 1-Methoxy-3-methylbenzene-4,6-disulfony] 
chloride has been nitrated to the 2-nitro derivative.2** Treating 
p-cresol with two moles of nitric acid in sulfuric acid gives the 2-nitro- 
6-sulfonic acid.?1® 

By the action of nitric acid upon 2-methyl-6-iodophenol-4-sulfonic 
acid both the iodo and sulfo groups are replaced.?1* 
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Nitration of tyrosine-3-sulfonic acid in sulfuric acid solution gives 
rise to 3,5-dinitrotyrosine.??” 


OH 
S03H 
+ 2HNO; — 

CH2CHNH2COOH 

OH 

OoN, NOz 
+ H2SO4 + H20 
CH2CHNH2COOH 


Nitration of 2-naphthol-6-sulfonic acid yields a mixture of the 
1-nitro derivative (13%) and a dinitro compound (32%) of unknown 
composition.*8¢ By further nitration as high as a 78% yield of a 
dinitro compound was isolated. 1-Methoxynaphthalene-4-sulfonic 
acid 718° with nitric acid gives the 4-nitro-1-methoxy compound with 
elimination of the sulfo group. 

By the action of nitrogen oxides upon aminosulfonic acids the sul- 
fonic acid group is replaced by a nitro group, the amine is diazotized 
and hydrolyzed to a phenol, and usually further nitration also takes 
place.24* Thus even metanilic acid is reported to give 2,5-dinitro- 
phenol. Dimethylaniline-4-sulfonic acid yields what is presumably 
2,3,4-trinitrodimethylaniline. Nitrous acid gives p-nitrodimethylani- 
line and a nitrosulfonic acid.??% 

Diphenylamine-4-sulfonic acid with one mole of nitric acid in acetic 
acid solution 72° gives 4’-nitrodiphenylamine-4-sulfonic acid. Further 
nitration produces finally the 2’,4’,6’-trinitrodiphenylamine-4-sulfonic 
acid whose structure is evident as it has also been obtained from 
sulfanilic acid and picryl chloride.2¢ Diphenylamine-4,4’-disulfonic 
acid nitrates first in the 2- and 2’-positions, further reaction replacing 
the sulfo groups. 

1-Naphthylamine-2,4,8-trisulfonic acid upon nitration undergoes re- 
placement of the 2- and 4-sulfo groups. The same dinitro compound 
was obtained from the sultam of 1-aminonaphthalene-8-sulfonic 
acid.222 1-Amino-2-naphthol-4-sulfonic acid 2? and the corresponding 
diazo compound 2° nitrate in the 6-position. 

Treatment of 2-aminopyridine-5-sulfonic acid with fuming nitric 
acid in sulfuric acid solution 2** results in substitution ortho to the 
amino group. 
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C. REACTION OF METAL SULFONATES WITH BASES AND SALTS 


Tue Reactions oF Merau SULFONATES WITH ALKALI 


The interaction of aromatic sulfonic acid salts and alkali at a high 
temperature has received much study, chiefly because of the industrial 
importance and scientific interest in the resulting phenols. While 
phenol itself is now prepared to a large extent by other methods the 
majority of the common phenolic compounds including a variety of 
naphthol derivatives useful as dye intermediates are still obtained 
from sulfonic acids. Some limitations of this method for preparing 
phenolic substances may, however, be mentioned. The presence of a 
hydroxy] or amino group ortho or para to the sulfonic acid substituent 
has a profound effect in that the sulfo group is much less reactive, and 
when replacement does occur it is accompanied by rearrangement or 
complete decomposition of the molecule. The nitro group likewise in- 
terferes with phenol formation since in a fusion mixture it acts as an 
oxidizing agent with consequent complete breakdown of the nitrosul- 
fonic acid to ammonia, oxalic acid, and other products.1 However, in 
2,4-dinitrobenzenesulfonic acid the activating influence of the nitro 
groups is such that aqueous alkali readily gives 2,4-dinitrophenol.”4 
If a methyl group is present in the para position as in 4-nitrotoluene- 
2-sulfonic acid a mixture of dyestuffs related to stilbene results?” On 
the other hand, 2-nitrotoluene-4-sulfonic acid goes over to 2-amino- 
4-sulfobenzoic acid.?¢ ; 

Benzenesulfonic Acid. It was reported simultaneously by Wurtz, 
Kekulé, and Dusart® that heating potassium benzenesulfonate with 
potassium hydroxide at a high temperature converts it into phenol and 
potassium sulfite. Sodium hydroxide brings about the same change 
and because it is cheaper is always employed when the reaction is run 
on 4 large scale. Several careful studies of the effect of reaction con- 
ditions upon the yield of phenol have been made. Excellent results 
are obtained with a 15% excess of sodium hydroxide, a fusion temper- 
ature of 350°, and a heating time of 15 minutes after all the sodium 
sulfonate is added, the yield of phenol attaining 96% of the theoretical 
amount. At a temperature as low as 300° the yield is nearly as good 
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provided the fusion time is 30 minutes and a 50% excess of alkali is 
used.® In essentially a confirmation of these results 94-96% yields of 
phenol have been reported® for a 15- to 30-minute fusion time at 
320-330°, longer heating increasing the by-products at the expense of 
the phenol. The presence of up to 10% sodium sulfate in the fusion 
mixture did not change the yield, whereas 8% of sodium carbonate 
increased it slightly and iron or sodium chloride had an adverse effect. 
Rather surprisingly sodium chlorate has little effect on the phenol, 
only the sodium sulfite being oxidized. When the reaction is run on 
a small scale? (1 g. of sulfonate to 2.5 g. of alkali) fusions at 325° in 
the presence of oxygen give side reactions involving the loss of free 
hydrogen which reduces the yield of phenol to 90% whereas in an 
oxygen-free atmosphere it is practically quantitative. 

A variety of by-products has been separated from phenol fusion 
mixtures. If sodium benzenesulfonate is heated with dilute 10% so- 
dium hydroxide at high temperature and pressure considerable ben- 
zene ® is formed along with the phenol although this seems not to have 
been reported from fusion reactions. In the fusion mixture dehydro- 
genation apparently occurs in at least two different ways; * there is 
the hydroxylation of the phenol by sodium hydroxide and also the 
loss of hydrogen between two benzene nuclei with the resultant forma- 
tion of derivatives of biphenyl. 


CsHsONa + NaOH — CeHs(ONa)e + He 
2CeHsONa aad (CeHsONa)e + He 


Compounds which have been identified from these and other reactions 
include resorcinol, p-hydroxybiphenyl, 2,2’-dihydroxybipheny],* phenyl 
ether, and perhaps a trace of biphenyl. If the reaction is run at 350° 
with only a slight excess of alkali the by-products are more plentiful 
and numerous, the formation of a mixture of dihydroxybiphenyls, 
cokelike material, and even sodium carbonate having been observed.‘ 
Heating 5.5 moles of sodium hydroxide and 4 moles of sodium benzene- 
sulfonate to 350° for 5 hours gives among other things 48 g. of phenyl 
ether and a little thiophenol. To minimize side reactions it is desir- 


CeHeSO3Na + CeHsONa — (CoHs)20 + NasSOz 


able to avoid a local over-concentration of sulfonate. This necessi- 
tates adding it in a finely divided condition with stirring. Slow addi- 
tion of a solution of the sulfonate to the fused alkali has been advo- 
cated,*: 1° as the steam evolved serves to stir the mixture effectively. 
The formation of pheny] ether is kept at a minimum by adding some 
of the ether to the fusion mixture.1?? 
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The pheny! sulfone occurring as a by-product in the preparation of 
sodium benzenesulfonate is claimed to give a 98% yield of phenol 
along with 2% of biphenyl! when fused with alkali.© The presence of 
sodium m-benzenedisulfonate, another sulfonation by-product, is un- 
desirable as this reduces appreciably the yield of phenol, an effect also 
produced by resorcinol. 

Alkylbenzenesulfonic Acids. The presence of one or more alkyl 
groups in the benzene ring modifies the reaction of an aromatic sul- 
fonate with alkali in two respects. The by-products arc increased, 
the alkyl group in some reactions being oxidized to carboxyl, and the 
solubility of the sulfonate in the alkali may become so low as to inter- 
fere with the reaction. From the data available potassium hydroxide 
is a better solvent for alkali sulfonates than is the sodium compound, 
the former even dissolving p-cety]benzenesulfonate. 

The o- and p-toluenesulfonic acids are readily converted to the 
cresols by potassium hydroxide. A mixture of potassium and sodium 
hydroxides containing not less than 28% of the potassium compound 
is also suitable ?? but sodium p-tolucnesulfonate is not appreciably sol- 
uble in sodium hydroxide, hence no reaction occurs. Short heating of 
the fusion mixture is desirable, and at 330° the evolution of hydrogen 
begins, indicating oxidation of the methy! group is becoming serious. 
Graebe and Kraft ?* have observed that if lead dioxide is added to 
the fusion mixture the methyl group is oxidized to carboxyl, and 
strangely enough, the sulfo group is replaced by hydrogen. Benzoic 
acid and a trace of p-hydroxybenzoic acid were isolated from the 
fusion mixture. 

In the older literature are to be found brief descriptions of the prep- 
arations of many mono,?* di,'®*® tri,!® and tetraalkylphenols +? which 
contain only a few points of interest. In practically all of these re- 
actions potassium hydroxide was employed, and it is apparently not 
known whether the sodium compound could be substituted. Sempo- 
towski ** observed that potassium ethylbenzene-4-sulfonate with five 
parts of potassium hydroxide gives the phenol and p-hydroxybenzoic 
acid, the latter only becoming important after long heating. However, 
no definite temperature, time, or yields were given. Jacobsen ?* re- 
ported that the xylenesulfonic acids give good yields of xylenols with 
two parts of potassium hydroxide, a hydroxytoluic acid occurring 
as a by-product from the fusion of the 1,3-xylene-4-sulfonic acid. 
2-Methyl-5-isopropylbenzenesulfonic acid gives in addition to car- 
vacrol a small amount of the acid resulting from the oxidation of the 
methyl group. Whether this is caused by the methyl being adjacent 
to the sulfonate or the isopropyl being less susceptible to the action 
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of the alkali is uncertain. Mesitylenesulfonic acid 1** when fused at 
285-295° with three parts of potassium hydroxide yields chiefly mesitol 
while when heated at 240~250° for a longer time !®* most of the prod- 
uct is 2-hydroxy-3,5-dimethylbenzoic acid. In these fusions the potas- 
sium salt of the mesitol separates in a top layer of the reaction mix- 
ture at the higher temperatures while at 240-250° the mixture re- 
mains homogencous and oxidation occurs. If lead oxide is added to 
the fusion mixture the product is benzene-1,3,5-tricarboxylic acid.?® 

Hydroxy acid formation has also been observed in the fusions of 
2,4,5-trimethylbenzenesulfonic acid, 2,3,4,6-tetramethylbenzenesul- 
fonic acid,’7* and the 2,3,5,6-tetramethyl compound.17* The acid from 
2-ethyl-3,6-dimethylbenzenesulfonic acid 1 results from oxidation of 
the ethyl group while from 2,6-dimethyl-4-ethylbenzenesulfonic acid 1% 
is obtained 2-hydroxy-3-methyl-5-ethylbenzoic acid. Pentamethyl- 
benzenesulfonic acid is converted into a mixture of hydroxy acids.’ 

The action of alkali upon the p-cymenesulfonic acids has received 
more attention than the reactions just described because of the indus- 
trial usefulness of thymol and carvacrol. The best set of conditions 
Gibbs and Phillips found for preparing carvacrol 2° was to heat one- 
tenth mole of the sulfonate with two moles of sodium hydroxide at 
350-360° for 6 hours in an autoclave, the yield being 70%. If the 
fusion mixture was in contact with the air the yield was reduced to 
60%. The presence of water in the mixture also reduced the yield for 
a given reaction time. Hixson and McKee were able to obtain a 
76% yield of a mixture of carvacrol and thymol based on the p-cy- 
mene sulfonated. Some 6 to 8% of thymol was present in the product. 
It was noted that some p-cymene was given off during the reaction, an 
observation not so far made for any other alkylated benzenesulfonate. 
Their results were based upon fusions carried out in an open container. 

To obtain appreciable amounts of the sulfonic acid necessary to 
prepare thymol an indirect synthesis is necessary, but despite this, 
thymol preparation by this route has received considerable atten- 
tion.22, The maximum yield of thymol from the sulfonic acid, amount- 
ing to 59% of the theoretical quantity, was obtained by fusing the 
sodium salt with two or three times its weight of potassium hydroxide 
at 350° for 30 minutes. Sodium hydroxide gives much poorer results, 
no yield larger than 15% having been reported. 

Closely analogous to the behavior of the dialkylbenzenesulfonic acids 
is that of 5-indanesulfonic acid. Heating an alkali salt of this with 
three or four parts of either sodium ** or potassium 7° hydroxide at 
290-300° for 45 minutes gives over a 50% yield of the phenol. Similar 
results have been obtained from tetralinsulfonic acids.** 


424 PROPERTIES AND REACTIONS OF SULFONIC ACIDS 


Halobenzenesulfonic Acids. Both halogen atoms and sulfo groups 
are replaced by hydroxyls when halobenzenesulfonic acids are treated 
with alkali at a high temperature; the preparation of hydroxysulfonic 
acids from the corresponding halogen compounds is made possible by 
a careful regulation of the reaction conditions or by the presence in 


TABLE IX 
Hyprotysis wits 60% Porassrom Hyproxipe 


A. Potassium 1-bromobenzene-3,6-disulfonate 
Extent of Hydrolysis 


Time, Hr. Temp., °C. + 2 Hal., % One Sulfo Group, % 
3 130 11 2.2 
3 130 21 8.1 (trace CuSO.) 
2.5 152 61 11.9 
0.25 166 35 6.7 
1 166 Complete 18.0 
2 166 te 19.6 
3 166 a 19.8 
1 166 g 14.3 (Cu) 
B. Potassium 1-chlorobenzene-3,6-disulfonate 
2 166 95 43.3 
6 166 Complete 47.7 
C. Potassium 1-chlorobenzene-2,4-disulfonate 
0.6 166 82 27.5 
3 135 80 29.2 
D. Potassium 1-iodobenzene-8-sulfonate 
1 166 10.3 0.4 
2 166 30.8 2.9 
E. Sodium 1-iodobenzene-$,5-disulfonate 
2 166 95 29 
3 130 9.8 2.3 


the molecule of a group which activates the halogen. The synthesis 
of a halogenated phenol from a halogenated sulfonic acid on the other 
hand cannot ordinarily be accomplished. The results obtained in a 
number of reactions support the idea that aqueous alkali is less likely 
to remove a sulfo group and is therefore to be employed in place of 
fused alkali for preferential hydrolysis of the halogen. The reactions 
in which at least one sulfo group is not removed will be considered 
first. 

Heating p-chlorobenzenesulfonic acid with aqueous sodium hydrox- 
ide at 300° for 30 hours has been reported ** to give phenol-p-sulfonic 
acid. In the hydrolysis of 4-chloro, 4-bromo, and 3,4-dichlorobenzene- 


HALOBENZENESULFONIC ACIDS 425 


sulfonic acid the presence of a lead salt and of a catalyst such as 
copper or copper salts 7° gives increased yields of phenolsulfonic acid. 
2,5-Dichlorobenzenesulfonie acid at 170-190° loses the chlorine ortho 
to the sulfo group.” Either 3,4-dichlorobenzenesulfonic acid 272% or 
3-chloro-4-hydroxybenzenesulfonie acid 2° when fused with alkali at 
250° gives catechol-4-sulfonic acid. The 5-methyl derivative behaves 
similarly.2%* 4-Hydroxy-5-chlorobenzene-1,3-disulfonic acid *°® with 
aqueous alkali below 200° gives the dihydroxydisulfonie acid. 

A quantitative study of the relative rates of hydrolysis for halogen 
and sulfo groups in a number of halobenzenesulfonic acids with 60% 
aqueous potassium hydroxide and with the fused alkali gave the results 
tabulated in Tables IX and X.*! 

From A, Table IX, it is apparent that after the bromine has been 
exchanged for hydroxyl the sulfo group is practically inert to the 
alkali whereas the halogen is not stabilized by the presence of hy- 
droxyl. The presence of copper or cupric ions apparently increases 
the rate of hydrolysis for the halogen although the data are too lim- 
ited to be certain of this. Comparing B with A indicates that chlorine 
hydrolyzes more slowly than bromine since over 40% of the first sulfo 
group is lost before the halogen is completely removed. 


TABLE X 
Hyprotysis with Fusep Potassium HyprOxIpE 


A. Potassium 1-bromobenzene-3,5-disulfonate 


Time, Hr. Temp., °C. + 5 Hydrolysis of One Sulfo Group, % 
1 A 200 57.5 
3 200 58.2 
59.8 
3 255 98 
3 300 110 
B. Potassium 1-chlorobenzene-3,5-disulfonate 
3 200 76 
3 260 103 
3 310 131 


With fused alkali removal of the halogen atom was always complete 
At 200° or below apparently no sulfo group was removed after all the 
halogen had been hydrolyzed. 

Hydrolysis of the bromine in 4-bromo-3-nitrobenzenesulfonic acid,?? 
and the chlorine of 4-chloro-3,5-dinitro-, and 2-chloro-3,5-dinitroben- 
zenesulfonic acids ** occurs readily with aqueous alkali, owing to the 
combined activating influences of the nitro and sulfo groups. A study 
of the relative activating influences of the nitro, sulfo, and carboxyl 
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groups ** showed the effect of the nitro group to be of a much higher 
order than the other two. The sulfo group activates an ortho or para 
halogen some three times as much as does carboxyl. 

There are a number of instances of the preferential hydrolysis of 
chlorine from chloronaphthalenesulfonic acids.** For example, by the 
action of an aqueous sodium hydroxide solution upon 4- or 5-chloro- 
naphthalene-1-sulfonic acid, 4-chloronaphthalene-1,6-disulfonic acid, 
and 4-chloronaphthalene-1,3,6-trisulfonic acid at 200-250° there are 
produced the corresponding hydroxysulfonic acids. 

Reactions other than hydrolysis that involve replacement of the 
halogen are not numerous. They include the action of potassium phe- 
noxide,*** sodium p-nitrothiophenoxide, or an aliphatic amine *” with 
a chlorinated sulfonic acid having a nitro or carboxyl group para or 
ortho to the chlorine. 

In a number of compounds both sulfo and halogen groups have been 
eliminated completely by treatment with alkali. Where chlorine or 
bromine is ortho, meta, or para to the sulfonate grouping fusion with 
alkali always yields resorcinol as the chief product.’” p-Iodobenzene- 
sulfonic acid ** likewise gives this compound. Similarly both 4-chloro- 
toluene-5-sulfonic acid*®® and 5-chlero or bromotoluene-3-sulfonic 
acid *° yield orcinol when heated at 280-300° with potassium hydrox- 
ide. On the other hand 3-bromotoluene-6-sulfonic acid has been re- 
ported * to yield salicylic acid. 6-Chloro-1 i aaa acid 
gives the dimethylresorcinol ** at 230-250°. 

Hydroxybenzenesulfonic Acids. o-Hydroxybenzenesulfonic acid 
gives only a small yield of catechol when fused at 330-360° with either 
sodium ** or potassium *** hydroxide. Small amounts of resorcinol 
and hydroquinone have also been separated from the reaction mix- 
ture #5 as well as some 2,4’-dihydroxybiphenyl.*®> 4-Ethylphenol-2- 
sulfonic acid ** with potassium hydroxide gives a mixture of p-ethyl- 
phenol and 4-ethyleatechol. 

2-Hydroxy-5-chlorobenzenesulfonic acid *” when treated with potas- 
sium hydroxide at 180-190° is reported to give some pyrogallol. The 
action of alkali upon p-hydroxybenzenesulfonic acid does not produce 
appreciable quantities of hydroquinone. From heating 10 g. of the 
sulfonate with 7 g. of sodium hydroxide in 50 ml. of water at 300° 
for 40 hours Willson and Meyer ® obtained 0.2 g. of phenol and no 
hydroquinone. 2,4-Dihydroxybiphenyl ** has been identified as one 
of the products. Sodium p-anisolesulfonate *® when fused with potas- 
sium hydroxide at 280° gives 10% of hydroquinone and 6% of 
catechol. 
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As might be expected from the fact that m-benzenedisulfonic acid 
is readily converted to resorcinol, 3-hydroxybenzenesulfonic acid yields 
the same product.**® Resorcinol and hydroquinonesulfonic © acids are 
converted into resorcinol and hydroquinone respectively by heating 
with potassium hydroxide. 

Aminobenzenesulfonic Acids. The behavior of aminosulfonic acids 
in the benzene series toward alkali fusion has been little studied. 
Metanilic acid © is converted by sodium hydroxide at 280-290° into 
m-aminophenol whereas sulfanilic acid 5? with potassium hydroxide lib- 
erates ammonia and at 350-355° a 77% yield of p-hydroxybenzene- 
sulfonic acid results. No aniline or potassium sulfite was isolated. 
2-Nitroaniline-4-sulfonic acid likewise is readily converted into the 
nitrophenolsulfonic acid." In 4-nitroacetanilide-3-sulfonic acid the 
acetamido group is eliminated * below 100° with aqueous alkali. 

Sulfobenzoic Acids and Derivatives. The three sulfobenzoic acids 
give rise to the corresponding hydroxybenzoic acids in high yields 
(90-100%) when fused with potassium hydroxide.?**5 The presence 
of lead dioxide in the fusion mixture has little effect upon the results.** 
4-Chloro-3-sulfobenzoic acid 5* does not hydrolyze to the dihydroxy 
acid while for the 5-bromo-3-sulfobenzoic acid *? such a product is 
obtained. The alkylated sulfobenzoic acids °* all react normally ex- 
cept for the 2,4-dimethy]-5-sulfo ¢ and 3,5-dimethy]-4-sulfo 5 deriv- 
atives in which the sulfo substituent is replaced by hydrogen. 

When the carboxyl is attached to a side chain as in m-sulfophenyl- 
propionic acid °° the sulfo group is first replaced by hydroxyl and fur- 
ther heating oxidizes the whole side chain down to carboxyl. This oc- 
curs even more readily with the sulfocinnamic acids; * the intermedi- 
ate hydroxycinnamic acids have not been isolated. Degradation to 
p-hydroxybenzoic acid likewise occurs when the sulfotruxilic acids * 
are fused with alkali. 


HO3SCeH4C—CCOOH xox 
— 2 


HO3SCsH4C—CCOOH 
HH COOH 


The behavior of the sulfohydroxybenzoic acids is comparable to that 
of sulfonated phenols. 5-Sulfo-2-hydroxybenzoic acid (sulfosalicylic 
acid) ® gives a mixture of phenol and salicylic acid, while the 4-sulfo 
compound with potassium hydroxide at 230-240° yields 2,4-dihydroxy- 
benzoic acid ** (8-resorcylic acid) in a norma] manner. Both 4-sulfo- 
3-hydroxy °¢ and 3-sulfo-4-hydroxybenzoic *? acid give the dihydroxy 
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acid, although from the former compound another acid is also pro- 
duced. The chlorine of 3-chloro-4-hydroxy-5-sulfobenzoic acid is re- 
moved preferentially by potassium hydroxide ° at 180°. 4-Methoxy- 
3-sulfobenzoic acid with potassium hydroxide loses the methyl as well 
as the sulfo group to give the dihydroxy compound.*®? 

The sulfonated di ***? and tricarboxylic 5*°* acids react normally 
in every reaction. 

Benzaldehydesulfonic Acids. When benzaldehyde-o-sulfonic acid is 
heated with aqueous potassium hydroxide under pressure ® at 220-240° 
the products are benzoic and salicylic acids. Benzaldehyde-p-sulfonic 
acid reacts similarly while for the meta isomer only the hydroxy acid 
has been reported.7° 

Benzenedisulfonic Acids. (See also p. 424.) Barth and Senhofer *+? 
were responsible for demonstrating that it is possible to remove one 
of the sulfo groups from m-benzenedisulfonic acid without affecting 
the other. Heating the potassium salt with two to three times its 
weight of potassium hydroxide and a little water at 170-180° for 1 
hour gives the hydroxysulfonate. With 10% aqueous sodium hydrox- 
ide at 250° a 78% yield of the hydroxysulfonate results after 30 hours.® 
The much higher temperature needed under these conditions is note- 
worthy. Isolation of the product is somewhat difficult as its solubility 
behavior is similar to that of the inorganic salts present after neutral- 
izing the reaction mixture. It was known considerably earlier that 
fusion of the disulfonic acid with an excess of sodium hydroxide at 
270° or above gave resorcinol. Two procedures for carrying out the 
reaction may be mentioned. Using two to two and one-half moles of 
sodium hydroxide per sulfonate group and heating the fusion mixture 
in thin layers to 300-425° on sheet metal 7? is claimed to give good 
results. If the customary fusion apparatus is employed, seven moles 
of alkali to one of the sodium benzenedisulfonate is necessary unless 
a stirrer is used when it may be reduced to five. Holding the tempera- 
ture first at 300-310° then raising to 318-320° gives best results.”* 
The resorcinol was isolated by extracting the acidified fusion mixture 
with an ether-benzene mixture. 

Little study has been made of the fusion reactions of disulfonic acids 
where the two groups are other than meta to each other. Garick 7 
reported that p-benzenedisulfonic acid was converted into resorcinol 
by treatment with fused sodium hydroxide. 

Alkylbenzenedisulfonic Acids. In the fusion of toluene-2,4-disul- 
fonic acid with alkali at 200° the sulfo group ortho to the methy!] is 
removed.”> Higher temperatures produce 4-methylresorcinol.”® Tolu- 
ene-3,5-disulfonic acid is readily converted to orcinol.77 m-Xylene- 
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2,4-disulfonyl chloride with potassium hydroxide gives the correspond- 
ing dimethylresorcinol.”* The 6-chloro and 6-bromo derivatives of this 
are converted into the corresponding halodimethylresorcinol,"®* a re- 
sult entirely unexpected in view of the behavior of other halogenated 
sulfonic acids. It is reported that mesitylenedisulfonic acid 78 when 
heated with potassium hydroxide at 250° forms 2-hydroxymesitylenic 
acid quantitatively. 

Phenoldisulfonic Acids. The reactions of chlorophenoldisulfonic 
acids have been mentioned under the preparation of hydroxysulfonic 
acids. Phenol-2,4-disulfonic acid 7® with either sodium or potassium 
hydroxide yields a mixture of catechol and catechol-4-sulfonic acid. 
It has been reported ®* that resorcinol-4,6-disulfonic acid reacts with 
potassium hydroxide to give phloroglucinol] in small yield. The main 
products, however, are resorcinol and resorcinol-4-sulfonic acid.* 

Anilinedisulfonic Acid. Aniline-2,5-disulfonic acid,8°° obtained by 
sulfonation of metanilic acid, when fused with sodium hydroxide yields 
3-aminophenol-4-sulfoniec acid. 

Disulfobenzoic Acids. It is possible to replace either one* or 
both ® of the sulfo groups of 3,5-disulfobenzoic acid without removing 
the carboxy]. Adams and Graves ®* obtained a 30% yield of the di- 
hydroxy acid by fusing the sulfonate with potassium hydroxide for 8 
hours at 250°. The yield was much improved *” by fusing the barium 
salt with a mixture of sodium and potassium hydroxides at 290-310°. 
These results have been confirmed.** A 63% yield of the dihydroxy 
compound was readily isolated. The ready availability of this acid 
is of importance in the preparation of various naturally occurring 
5-substituted resorcinols. It should be mentioned that the second step 
in the fusion reaction, the conversion of 3-sulfo-5-hydroxybenzoic acid 
into the dihydroxy compound, has been described.®* 

2,4-Disulfobenzoic acid ** as well as the isomeric methy]-3,5-disul- 
fobenzoic acids °° have also been converted to the corresponding di- 
hydroxy compounds, 

Benzene- and Phenoltrisulfonic Acids. The behavior of sym-ben- 
zenetrisulfonic acid toward fused alkali at various temperatures has 
received considerable study. Senhofer ®’ showed that at 150° one 
sulfo group is réplaced, the second coming off at 240°. Since the di- 
hydroxysulfonic acid is quite stable careful regulation of the tempera- 
ture used in its preparation is not important, anywhere in the range 
240-260° being suitable.** Best results are obtained when the sodium 
benzenetrisulfonate is fused with six times its weight of sodium hy- 
droxide. Less alkali gives a mixture of products from which none of 
the dihydroxy compound could be isolated. Barth and Schreder *® re- 
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ported that fusion of the trisulfonate with sodium hydroxide for 10 
minutes produces a 25~30% yield of phloroglucinol. Since these in- 
vestigators did not specify the temperature or ratio of reactants it is 
not possible to duplicate their experiment exactly but recently it was 
found ** that when heated with three times its weight of sodium hy- 
droxide at 335° the sulfonate gave no appreciable amount of phloro- 
glucinol for either a 10-minute or 1-hour reaction period. It is prob- 
able that other unreported attempts to duplicate Barth and Schreder’s 
experiment have been made without success as it offers a possibility of 
obtaining phloroglucinol cheaply. 

Phenol-2,4,6-trisulfonic acid with potassium hydroxide gives cate- 
chol-4,6-disulfonic acid,®® which by acid hydrolysis yields catechol. 
Alkali completely decomposes trisulfo-m-hydroxybenzoic acid.* 

Biphenylsulfonic Acids and Other Polyring Acids. The conversion 
of sulfonated biphenyls into the corresponding hydroxy compounds 
offers little that is novel. 4-Hydroxybiphenyl *? and several dihy- 
droxybiphenyls ®* have been prepared from the sulfonic acids as has 
a 4-methoxyhydroxybipheny] of uncertain structure.** 4,4’-Dihydrox- 
ybipheny1-2,2’-disulfonic acid * and the 3,3’-dihydroxy-4,4’-disulfonic 
acid °° are reported to give the corresponding tetrahydroxybipheny]s. 

A dibenzyldisulfonic acid gives with fused potassium hydroxide * 
first the mono, then the dihydroxy compound together with some 
p-hydroxybenzoic acid. This last product indicates the structure of 
the original acid. On the other hand all benzophenonesulfonic. acids 
are completely split into compounds containing a single ring. The 
2-sulfonic acid ** yields benzoic acid and benzenesulfonic acid while 
for the 3,3’-disulfonic acid only 3-hydroxybenzoic acid has been iso- 
lated.*® p-Toluic acid was the only identified product resulting from 
4-methylbenzophenone-2’-sulfonic acid.°° The behavior of benzo- 
phenone derivatives makes that of fluorencsulfonic acids understand- 
able.1°? Not only is a sulfo group replaced but also the methylene is 
oxidized to a ketone linkage, the final product being a hydroxybiphen- 
ylearboxylic acid. sym-Tetraphenylethanetetrasulfonic acid 1°? and 
also the tetraphenylethylene *°* derivative have been reported to give 
tetrahydroxy compounds when fused with potassium hydroxide. 

Naphthalenesulfonic Acids. The two naphthalenesulfonic acids 1* 
are readily converted into the corresponding naphthols by fusion with 
three parts of sodium or potassium hydroxide at 300-320°. The so- 
dium naphthoxide separates out as a layer on the fused sodium hydrox- 
ide. Naphthalene is a by-product of the reactions. 


CioH7SO3Na + NaOH — CioHs + Na2SOg 
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The naphthols have likewise been obtained by heating the sulfonates 
to 300° with 10% aqueous sodium hydroxide.* It has been noted’ that 
hydrogen is evolved from the fusion mixture of the 8-sulfonate when 
the reaction is carried out in contact with the air but is not formed in 
a nitrogen atmosphere. Hence a closed container is advantageous in 
preventing side reactions. 

Derivatives of Naphthalenesulfonic Acids. Many complex naphthol 
derivatives that are of value as dye intermediates have been prepared 
by treating the readily obtainable sulfonic acids with alkali at a high 
temperature. Most of the descriptions of the procedures employed 
are given only in the older patent literature and lack the reliability 
that might be desired. However, a few conclusions may be drawn re- 
garding the effect of substituents and the location of the sulfo group 
upon the manner in which reactions proceed. In general e-sulfoniec 
acids are more reactive toward alkali than are the 8-compounds.’ 
As in the benzene series an amino group para to the sulfonic acid sub- 
stituent is removed as ammonia whereas the m-amino group is un- 
affected. The amino group is also activated when in the pert position. 
For the 8-naphtholsulfonic acids the reaction with alkali requires a 
much higher temperature for the 6-sulfonic acid than for the 7-isomer. 
This is not surprising because the 6-position here is analogous to the 
para position in the phenol nucleus and it is only at a high tempera- 
ture that a phenol-p-sulfonate reacts with fused alkali. 

Conversion of alkylnaphthalenesulfonic acids into the naphthols has 
been investigated only occasionally. 1-Methylnaphthalene-4-,? 6-, 
and 7-sulfonic acids °° and the 2-methylnaphthalene-6- and 8-sulfonic 
acids *°° have been converted into the methylnaphthols by potassium 
hydroxide. 1-Benzylnaphthalene-4-sulfonic acid*!° and several di- 
methylnaphthalenesulfonic acids ++ have been similarly treated. No 
mention was made of the alkyl groups undergoing oxidation by the 
alkali. 

Many reactions in which hydroxynaphthalenesulfonic acids have 
been converted into the dihydroxy compounds are on record 1? with- 
out an abnormal reaction occurring. 1,6-Dihydroxynaphthalene-3- 
sulfonic acid yields the trihydroxy compound 1** below 270°. 

As in the benzene series, sulfonaphthalenecarboxylic acids are con- 
verted into hydroxy compounds without affecting the carboxyl group." 
This is also true for hydroxysulfocarboxylic acids **5 and sulfodicar- 
boxylie acids 1%41!* except for 2-sulfo-1,8-naphthalic acid which is 
converted by fused sodium hydroxide into 7-hydroxynaphtheic acid. 
However at 150° with potassium hydroxide both carboxyls are re- 
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tained. The 4-sulfo-1,8-naphthalic acid reacts similarly.12*4° 1-Cy- 
anonaphthalene-8-sulfonie acid +17 when heated with alkali in alcohol 
solution yields 1-aminonaphthalene-8-carboxylic acid, the ammonia 
from the cyano group replacing the sulfur. 

The behavior of aminonaphthalenesulfonic acids is variable and de- 
pendent upon the structure, upon the concentration of the alkali em- 
ployed, and upon the reaction temperature. A comprehensive inves- 
tigation of the reactions that a variety of amino acids undergoes with 
aqueous sodium hydroxide of various concentrations has been reported 
by Fierz.48 A mixture of compounds always resulted, because of the 
occurrence of simultaneous and consecutive reactions. These were: 
replacement of the sulfo group by (1) hydroxyl, or (2) hydrogen, and 
(3) replacement of the amino group by hydroxyl. Thus 1-aminonaph- 
thalene-4-sulfonic acid (naphthionic acid) yields varying amounts of 
l-naphthol and 1-naphthol-4-sulfonic acid together with a trace of 
1,4-dihydroxynaphthalene, but no aminonaphthol. On the other hand, 
1-aminonaphthalene-8-sulfonic acid gives chiefly the dihydroxynaph- 
thalene, 1-naphthylamine, and smaller amounts of 1-naphthol-8-sul- 
fonic acid and 1-amino-8-naphthol. For the 1-aminonaphthalene-5- 
sulfonic acid the results are still different, the dihydroxy and amino- 
hydroxy compounds predominating, up to 8% of naphthylamine and 
no more than a trace of 1-naphthol-5-sulfonic acid being isolated. The 
l-aminonaphthalene-6-sulfonic acid when heated to 260° with 50% 
sodium hydroxide for 3 hours gives rise to more of a naphtholsulfonic 
acid, believed to be the 1,5-compound, than anything else. The dihy- 
droxynaphthalene, naphthylamine, and aminonaphthol were present in 
lesser amounts. The 1,7-aminosulfonic acid under the same conditions 
is converted into equal amounts of the 1-naphthol-7-sulfonic acid and 
the aminonaphthol, together with a trace of dihydroxy compound. For 
further details the original must be consulted. 

With fused alkali aminonaphthalenesulfonic acids show less tend- 
ency to exchange the amino groups for hydroxyls than in aqueous 
solution. Thus l-aminonaphthalene-3-,12° 5-,12° 7-221 and 8-2? sul- 
fonic acids have been converted to the aminonaphthols while the 4-sul- 
fonic acid still loses the amino group first. 2-Aminonaphthalene-7- 
sulfonic acid also yields the aminonaphthol.’”* In the case of 1-amino- 
8-chloronaphthalene-4-sulfonic acid it is claimed ?** that the chlo- 
rine is preferentially eliminated. 1,8-Diaminonaphthalene-4-sulfonic 
acid #4 and 1-amino-8-naphthol-4-sulfonic acid both yield the 1,8- 
dihydroxysulfonic acid with loss of ammonia. Loss of the 1-amino 
group might be expected; the loss of the 8-amino group before the 
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sulfo substituent is affected is due to the stabilizing action of the 
hydroxyl on the sulfur-carbon bond. 

Conversion of naphthalenedisulfonic acids to the dihydroxy com- 
pounds ?”* occurs without rearrangement. However, naphthalene-1,3- 
disulfonic acid 7 and its substitution products may be broken down 
to toluic acid derivatives and acetic acid or yield a trihydroxynaph- 
thalene. As with benzene derivatives it is usually possible to remove 
one sulfo group to give a hydroxy sulfonic acid. This has been re- 
ported for naphthalene-1,5-,?27 -2,6-,!2° and -2,7- *° disulfonic acids. 

2-Hydroxynaphthalene-3,6-disulfonic acid with dilute alkali is con- 
verted into 2,3-dihydroxynaphthalene,!*° one sulfonic acid group being 
replaced by hydroxy] and the other by hydrogen. Other hydroxynaph- 
thalenedisulfonic acids act normally,"#°* 7"? one sulfo group undergoing 
replacement by hydroxyl. Apparently no trihydroxynaphthalene has 
been made by this reaction. However, the 1,8-dihydroxy-3,6-disul- 
fonic acid '*? yields 1,3,8-trinydroxynaphthalene-6-sulfonic acid read- 
ily. 1-Hydroxy-4,7-disulfo-2-naphthoie acid +** has been reported to 
lose the carboxyl and the 7-sulfo group is replaced by hydroxyl when 
the compound is heated with aqueous alkali. Several other hydroxy- 
disulfonaphthoic acids *** have been converted into dihydroxysulfo- 
naphthoic acids. 

The behavior of the aminodisulfonic acids is complicated because 
either the amino or one or both sulfo groups may be replaced by hy- 
droxyl. It seems highly probable that in every reaction more or less 
complicated mixtures result. The inadequacy of the older patent liter- 
ature on this point makes it unwise to attempt to draw conclusions 
from the results reported. The number of aminodisulfonic acids which 
yield aminonaphtholsulfonic acids is, however, large *° and several of 
the latter are important dye intermediates. There are also at least 
two instances of dihydroxynaphthalenesulfonic acids resulting.'** 
Here the amino group is para to one of the sulfo substituents and re- 
acts as it does in naphthionic acid. Ammonia is also lost from 8-ami- 
no-1-naphthol-2,4-disulfonic acid, the -5,7-disulfonic acid,*’7 and from 
the 4,6-disulfonic acid +8* by treatment with hot aqueous sodium hy- 
droxide. On the other hand 2,3-diaminonaphthalene-6,8-disulfonic 
acid loses the 8-sulfo group **° and also one sulfo group of the 1,5- 
diamino-3,7-disulfonic acid is replaced.'*° 

The action of alkali upon naphthalenetrisulfonic acids leads to re- 
placement of one‘ or two 1*?14° sulfo groups by hydroxy] but the 
trihydroxy compound reacts further to yield a hydroxytoluic acid if 
two of the hydroxyls are meta. The occurrence of rearrangements in 


434 PROPERTIES AND REACTIONS OF SULFONIC ACIDS 


these reactions has not been studied. 2-Hydroxynaphthalene-3,6,8- 
trisulfonic acid ?** gives a mixture of dihydroxydisulfonic acids while 
for the 1-hydroxy-2,4,8-*45 and -3,6,8-trisulfonic ***?** acids the 
8-sulfo group is replaced. In the latter compound the 3-substituent 
may also be forced to react.*** What is believed to be the 1-hydroxy- 
3,5,7-trisulfonic acid ‘** reacts with alkali first in the 3-position. Both 
the 3- and 5-sulfo groups of 2-hydroxy-3,5,7-trisulfonic acid ?*® have 
been replaced by hydroxyls. 

The 1-aminonaphthalene-2,5,7- 1°° and 3,5,7- +* trisulfonic acids and 
the 2-amino-2,5,7-acid *** readily exchange the 5-sulfo group for hy- 
droxy!l whereas the 1-amino-3,6,8- 44:15" and -4,6,8- +54 trisulfonic acids 
lose the 8-sulfo group easily. As might be expected the perisultam of 
the 1-amino-2,4,8-trisulfonic acid ?45?%5 loses ammonia and also the 
8-sulfo group. However, by varying the reaction conditions the hy- 
droxyl may be introduced in the 8-position without loss of ammonia.'*® 
This is analogous to the behavior of 1-amino-2,4,6,8- 25" and -3,4,6,8- 
tetrasulfonic acids **® which also undergo replacement of the 8-sulfo 
groups. 

Anthracenesulfonic Acids. The anthracene-1- and -2-sulfonic acids 
are converted into the hydroxyanthracenes (anthrols) by a fusion with 
potassium hydroxide *®* at 180-300° or by treatment with strong aque- 
ous sodium hydroxide ?** in an autoclave at 230-290°, the required 
temperature depending upon the compound and the amount of water 
present. As for the naphthalenesulfonic acids the 1-sulfo group is the 
more reactive and the more dilute the aqueous alkali the higher. must 
be the temperature to complete the reaction in a given time. Yields 
of 95-98% of the anthrol were obtained when the 1-sulfonic acid was 
heated with an equal weight of potassium hydroxide and twice its 
weight of water for 7 hours at 230°. When sodium hydroxide was 
used the heating required was 10 hours at 240°. Heating the 2-sulfonic 
acid with three parts of sodium hydroxide and three of water at 290° 
from 4 to 5 hours was found to give the best results; **® with the 
potassium hydroxide a temperature of 270° was sufficient. Anthra- 
cenedisulfonic acids upon fusion with potassium hydroxide give first 
hydroxysulfonic acids then dihydroxyanthracenes.* 9,10-Dihydro- 
anthracene-2-sulfonic acid with alkali goes over to anthracene and 
dihydroanthracene.* 

Anthraquinonesulfonic Acids. The conversion of anthraquinonesul- 
fonie acids into alizarin and other dyes by the action of fused alkali 
has received detailed investigation because of its technical importance. 
Sulfonated anthraquinones are converted into hydroxy compounds at 
a lower temperature than are the anthracene derivatives. Anthra- 
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quinane-1-sulfonic acid is hydrolyzed by aqueous sodium carbonate +? 
at 200° while with aqueous sodium hydroxide reaction occurs at a 
lower temperature.?*%1°8 Calcium or barium hydroxide solutions at 
180-200° bring about the same change without the occurrence of 
ring-splitting or oxidation, side reactions noticeable when alkali hy- 
droxides are employed. Anthraquinone-2-sulfonie acid is converted 
to the hydroxy compound at 160-165° with 20% sodium hydroxide 1 
or dilute calcium or barium hydroxide.?®* 7° Fusion with sodium hy- 
droxide brings about the well-known conversion to alizarin, a reaction 
which is, however, not complete ?** unless carried out in the presence 
of oxidizing agents such as potassium nitrate or chlorate.** Fusion of 
anthraquinone-2,6- or 2,7-disulfonic acid with sodium hydroxide gives 
a little of the dihydroxyanthraquinone but the main product is a tri- 
hydroxy derivative,’ the 2,6-acid giving the 1,2,6-trihydroxy com- 
pound (flavopurpurin), the 2,7-acid being converted into the 1,2,7-tri- 
hydroxyanthraquinone (anthrapurpurin). When 2-hydroxyanthra- 
quinone-3-sulfonic acid is heated with sodium hydroxide to 190° the 
alizarin-3-sulfonic acid results, a case of oxidation without accom- 
panying replacement of the sulfo group.* In general hydroxyanthra- 
quinonesulfonic acids, unlike analogous compounds in the benzene se- 
ries, have their sulfo groups readily replaced by hydroxyl even when 
the resulting compound has two such groups ortho to each other.?” 
Most of the complex hydroxy compounds useful as dyes which have 
been obtained from sulfonic acids have been prepared by heating the 
sulfonates with aqueous alkali under pressure, the base most fre- 
quently being that of an alkaline earth metal.?”° 

Phenanthrenesulfonic Acids and Derivatives. When the potas- 
sium ?7? or barium salt +7? of phenanthrene-2- or -3-sulfonic acid is 
fused with three times its weight of potassium hydroxide at 300-325° 
it was found possible to isolate a 72% yield of the pure phenanthrol. 
The results obtained with a mixture of phenanthrenedisulfonic acids 
were even more satisfactory.178 Although no proof is available, it is 
unlikely that rearrangements occurred in these reactions as rearrange- 
ments are usually limited to reactions where the replaced groups are 
ortho or para to one another in the same aromatic ring. The disulfo- 
nation of a compound containing two rings which substitute with 
equal ease never leads to the introduction of both sulfo groups into 
one ring in more than traces. 

The monosulfonic acids derived from retene have likewise been con- 
verted to hydroxy compounds by fusion with potassium hydroxide.’’ 
Phenanthrenequinone-3-sulfonic acid has been reported*”® to give 
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3-phenanthrol when fused with potassium hydroxide while with a 50% 
aqueous solution phenanthrene-3-sulfonic acid and fluorenone are pro- 
duced. 

Sulfonic Acids of Miscellaneous Cyclic Compounds. The abnormal 
behavior of acenaphthene-3-sulfonic acid is noteworthy; 2”° alkali fu- 
sion yields acenaphthylene. 


os HC==CH 


O3sNa 
+ NaOH — + NaeSO3 + HeO 


When fluorene-2,7-disulfonic acid is treated with fused alkali the 
methylene group is oxidized 177 and hydrolyzed to carboxyl as well as 
the sulfo groups being replaced by hydroxy]. 

Several hydroxy derivatives of heterocyclic compounds have been 
prepared from sulfonic acids but these, except for an acridine deriva- 
tive, are polycyclic compounds in which the sulfo group is attached to 
a homocyclie ring. Thus quinoline-8-sulfonic acid yields the hydroxy 
compound when heated with aqueous sodium hydroxide under pres- 
sure ?78 at 180°. Carbazole-2,3,6,8-tetrasulfonic acid when heated at 
200° with sodium hydroxide loses the 2-sulfo group whereas at higher 
temperatures 1” hydroxyls are introduced at both the 2- and 8-posi- 
tions. Previously it had been claimed 1*° that one hydroxy! was intro- 
duced into the 2,7-disulfonic acid by alkali at 270-290°. 

The sulfonic acids obtained from acridine by reaction with sulfurous 
acid or sodium bisulfite are reconverted into acridine by treatment 
with alkali.1% 


REPLACEMENT OF THE SULFO BY THE AMINO GROUP 


Reaction with Sodamide. As might be anticipated, because of the 
analogy between the water and ammonia systems, sodamide reacts 
with sulfonic acid salts to give amines. Likewise just as a by-product 
in a fusion of an alkali benzenesulfonate with sodium hydroxide is 
phenyl ether, with sodamide diphenylamine results. 

Heating potassium benzenesulfonate ?** with sodamide gives only 
about a 10% yield of aniline together with a little diphenylamine, but 
if naphthalene is added to the mixture 15> the yield is raised to about 
30% when the temperature is 160°. It was suggested 1** that the 
formation of diphenylamine occurred because of the presence of some 
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disodamide (NagNH) in the reagent, but it seems just as reasonable 
that sodanilide (NaNHC.Hs) from sodamide and aniline was respon- 
sible. 


CeH;sSO3sK + CsHsNHNa => (CeHs)2NH + NaKSO3 


Only a trace of m-phenylenediamine was obtained from sodium 
m-benzenedisulfonate ?*?* and phenol-p-sulfonic acid gave no amino- 
phenol.?8#® The results obtained in the naphthalene series have been 
much more favorable. While sodium §-naphthalenesulfonate gave 
only 82% of §8-naphthylamine, 2-naphthol-6-sulfonic acid yields as 
high as 51% of the aminonaphthol. In the most favorable experiment 
50 g. of the sulfonate, 75 g. of sodamide and 60 g. of naphthalene were 
heated for 40 minutes at 230-240°. Technical 2-naphthol-7-sulfonic 
acid gave 57% of a complex mixture of aminonaphthols from which 
some l-amino-6-naphthol was isolated in addition to the expected 
product.*8 2-Naphthol-8-sulfonic acid gave similar results ?8*? while 
from 2-naphthol-1-sulfonic acid a 60% yield of an aminonaphthol of 
undetermined structure was obtained. 

1-Naphthol-5- and 8-sulfonic acids ?** are converted into amino- 
naphthols but no definite product could be obtained from naphtholdi- 
sulfonic acids. Sodium anthraquinone-2-sulfonate gives a violent re- 
action with sodamide at 200° but the yield of amine isolated was 
negligible. 

Reaction of Ammonia. If the sulfo group is activated as in 2,4-di- 
nitrobenzenesulfonic acid, heating with ammonia in a sealed tube 
readily *®° gives the amine. There are also several instances in the 
naphthalene and anthraquinone series where sulfo groups have been 
found to be replaceable by heating with ammonia. Naphthalene-1,3,5- 
trisulfonic acid when heated with ammonia and sodium hydroxide 1° 
under pressure is converted to 1,3-diaminonaphthalene-5-sulfonic acid. 
Here the sulfo groups may first be replaced by hydroxyls but this 
could hardly be true for the action of ammonia and ammonium chlo- 
ride 787 on 1-aminonaphthalene-3,6-disulfonic acid or the correspond- 
ing hydroxydisulfonic acid which both yield 1,3-diaminonaphthalene- 
6-sulfonic acid. The 1,3-diamino-8-sulfonic acid has been similarly 
obtained.18* 1-Naphthol-3,5,7- and 3,6,8-trisulfonic acids *®® are con- 
verted to the 1,3-diaminodisulfonic acids by the ammonia-ammonium 
chloride treatment. 

In the anthraquinone series it has been found that the 1-1 and 
2-181 sulfonic acids and the 2,6-disulfonic acid }*? are converted into 
the corresponding amino compounds by heating with ammonia in 
water solution under pressure at 180°. Under these conditions the 
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2,7-disulfonic acid gives chiefly the aminosulfonic acid, only one sulfo 
group undergoing replacement.}*2-1®8 This aminosulfonic acid when 
autoclaved with 27% ammonia and arsenic acid at 180° for 24 hours 
gives the diamino compound.?*%* Quantitative data for the reaction of 
the anthraquinone mono- and disulfonic acids with ammonia have 
been reported by Lauer.1*> The addition of disodium arsenite to the 
reaction mixture apparently facilitates the replacement, a 92-94% 
yield of 2-aminoanthraquinone having been reported for a reaction in 
which this salt was added.?®* Presumably also the reaction is aided 
by the presence of sodium dichromate ?*? but the maximum yield re- 
ported after a systematic study ?** was 63% of the theoretical amount. 


REPLACEMENT OF THE SULFO GrRoUP BY CARBOXYL 


Reaction with Sodium Formate. The discovery that heating sodium 
formate alone gave hydrogen and sodium oxalate indicating the mo- 
mentary existence of a free carboxyl group led Meyer ** to investigate 
the behavior of salts of sulfonic acids when heated with this compound. 
Sodium benzenesulfonate was found to be too high melting to enter 
into a reaction, but the potassium salt gave sodium benzoate readily 
although in low yield. This reaction was then applied by Meyer and 
others to sulfonates derived from a number of alkylbenzenes 2° and 
naphthalene 2 with similar results. Usually the yield of acid has not 
been reported, but judging by the results obtained with sodium naph- 
thalene-1-sulfonate 2°! it is in the neighborhood of 5 to 10%. The 
m- and p-sulfobenzoic acids 1%? yield iso- and terephthalic acids 
respectively and the reaction also works for 4-sulfo-3-methylbenzoic 
acid °° and toluene-2,4-disulfonic acid,?* but sulfoterephthalic acid 7° 
is reduced to terephthalic acid and sodium sulfite while 4-bromo-3- 
sulfobenzoic acid 2°* and the chlorine 2°" compound give a mixture of 
isophthalic, terephthalic, and benzoic acids but no trace of the tricar- 
boxylic acid. The reducing action of the sodium formate also func- 
tions when p-chlorobenzoic acid is fused with it, benzoic acid result- 
ing.1°* The tricarboxylic acid was likewise not obtained when 3,5-di- 
sulfobenzoic acid 7° was fused with potassium formate, the sole acid 
isolated being isophthalic, but 5-sulfoisophthalic acid does give the 
tricarboxylic acid.? 

Reaction with Alkali Cyanides and Ferrocyanides. A more satisfac- 
tory method for converting sulfonic acids into carboxylic acids than by 
fusion of the sulfonates with sodium formate is to convert them first 
into the cyanides and then to hydrolyze. The yield of cyanide varies 
from a trace for some of the substituted sulfonic acids to about 50% 
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with the naphthalenesulfonic acids. Most investigators who have 
compared an alkali cyanide with potassium ferrocyanide in this reac- 
tion prefer the latter because of the better yields as well as its low 
toxicity. Success in carrying out the reaction depends upon having the 
reactants dry and intimately mixed and employing a container such 
that the whole mass may be brought to a high temperature. A piece 
of iron pipe with proper fittings has been used with good results. At 
least a 100% excess of cyanide is advantageous. 

The preparation of benzonitrile by heating potassium benzenesulfo- 
nate with potassium cyanide ?° and with potassium ferrocyanide 2"? 
has been mentioned but not thoroughly investigated. 3-Chloro 2}? and 
3-bromobenzenesulfonic *** acids give low yields of isophthalonitrile 
while for the para isomers 74 up to 20% of terephthalonitrile results 
if the mixture is distilled in 10-g. portions. Refluxing potassium 
m-nitrobenzenesulfonate 715 with aqueous potassium cyanide gives a 
complex mixture of sulfonated carboxylic acids. 

Ortho and p-toluenesulfonic acids ?!%?® and p-cymenesulfonic 
acid 717 with potassium cyanide give small yields of the nitriles. Heat- 
ing three parts of potassium 1-naphthalenesulfonate 214}248 with two 
parts of potassium ferrocyanide gives a 50% yield of crude 1-naphtho- 
nitrile containing some naphthalene. Ammonium carbonate is also 
formed in large quantities. Results comparable to these have been 
obtained more recently by distilling equimolecular amounts of the so- 
dium sulfonate and sodium cyanide.”!® From distilling 1 kg. of sodium 
2-naphthalenesulfonate with one-half its weight of 70% potassium 
cyanide (the remainder was mostly potassium cyanate) the yield of 
crude (80-90%) nitrile was reported 7° to be 410 g. Other products 
noted were naphthalene, water, hydrogen sulfide, ammonium carbon- 
ate, and ammonium cyanide. Increasing the amount of cyanide in- 
creased the yield only slightly. The yield was a little better when the 
potassium sulfonate was utilized and poorer with the calcium salt. It 
has also been claimed 2”: that the yield is higher when potassium ferro- 
cyanide is used. 

Potassium biphenyl-4-sulfonate is converted into the nitrile in fair 
yields by heating with either potassium cyanide ?” or ferrocyanide.??* 
In the latter reaction after hydrolysis there was obtained 100 g. of 
4-phenylbenzoic acid from 300 g. of biphenyl used as the starting 
material. 

Potassium 1-,224 2-,228 3-,225226 and 9-?26.227 phenanthrenesulfonates 
have been converted into the nitriles in yields of approximately 40% 
or better by distilling with potassium ferrocyanide. 
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From heating potassium acenaphthene-3-sulfonate with potassium 
ferrocyanide ?*4 acenaphthylene results. 

A number of disulfonic acids has been converted into dinitriles but 
the yields are somewhat less than obtained with the monosulfonic 
acids. Potassium benzene-m-disulfonate ?7142-?"° when heated with po- 
tassium cyanide gives a 15% yield of the crude dinitrile. The 1,4- 
disulfonate has likewise been utilized in this reaction.?1#% 229280 Con- 
siderably better results (25-40% yields) have been obtained from 
potassium naphthalenc-2,7-disulfonate 7% than from the 2,6-isomer 
(10-14% yields) but this may have been due to a difference in reaction 
conditions. Distillation of potassium bipheny]-4,4’-disulfonate with 
potassium cyanide in a stream of carbon dioxide gives a lower yield 
of the nitrile *5* than was obtained in the case of the monosulfonate.?2? 
A potassium pyrenedisulfonate 73 behaves anomalously in that a mix- 
ture of pyrene mono- and dinitriles is formed. 

One other reaction may be mentioned. Jackson and Wing reported 
that potassium benzenetrisulfonate upon distillation with potassium 
cyanide gives some of the nitrile of trimesic acid.?54 


REPLACEMENT OF SULFO BY SULFHYDRYL AND SULFIDE Groups 


Reaction with Alkali Hydrosulfide. From analogy one would ex- 
pect potassium hydrosulfide to react with the salt of a sulfonic acid 
just as does potassium hydroxide. While this reaction has not been 
studied comprehensively it appears that the yields are too low for it 
to have much practical interest. Stadler ?*° observed that the dry dis- 
tillation of sodium benzenesulfonate and potassium hydrosulfide under 
reduced pressure gives some thiophenol. If a saturated solution of the 
sulfide is used and the mixture heated under pressure at 275° for 3 
hours 2°* a brown dye is the chief product, only a trace of a thiol being 
formed. Neither here nor in the reaction of m-benzenedisulfonate was 
the chief product identified. Sodium 2-naphthalenesulfonate was con- 
verted into a mixture of 2-naphthol, 2-thionaphthol, and the disulfide. 
The yield of thionaphthol was found to be unusually variable for no 
apparent reason. When potassium sulfide was present the yield of 
2-naphthol was increased. If the sulfo group is activated as in 2,4- 
dinitrobenzenesulfonic acid, however, the reaction with aqueous potas- 
sium hydrosulfide occurs at room temperature 78’ to give 2,4-dinitro- 
thiophenol. Anthraquinone-2-sulfonic acid ?°* is nearly as reactive, 
the potassium salt undergoing double decomposition with sodium hy- 
drosulfide in aqueous solution at the boiling point. 
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Reaction with Salts of Thiols. The reactivity of the anthraquinone- 
sulfonic acids toward sodium hydrosulfide suggests that they would 
also react with thiols in aqueous alkaline solution. It was first ob- 
served that heating potassium anthraquinone-1-sulfonate with potas- 
sium thiophenoxide does give the anthraquinony! phenyl sulfide,?*® but 
this does not occur at 100° in water solution.#° On the other hand, 
the aliphatic thiols react readily with both mono- and disulfonates 
having the sulfo groups in the alpha position *** at as low a tempera- 
ture as 60°. The intermediate in the reaction of the 1,5-disulfonate 
is so slightly soluble in water that it is easy to stop the reaction with 
only one sulfo group replaced, while for the 1,8-compound the mono- 


I 1 
C 803K C SC4sHoe 
+ CsHeSK — + K2S03 
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sulfonate stays in solution. The sulfonate group in the intermediate 
becomes particularly active when the sulfide is oxidized to the sulfone, 
reacting with boiling aqueous thiophenoxide solution.*” 


i i 
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Cc SO2C4H» ye SOeC4Hoe 
+C.sHsSK-> +K2S03 


KO38 C ; CHS C 
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MISCELLANEOUS REPLACEMENT REACTIONS 


In a brief report Armstrong *4? gives the results of distilling potas- 
sium 1- and 2-naphthalenesulfonates with potassium thiocyanate. The 
most prominent product in each case was the disulfide. In addition 
some naphthalene was noted. The investigation was discontinued and 
apparently the reaction has not been further studied. 

The anthraquinonesulfonic acids have been observed to undergo re- 
placement reactions other than those already mentioned. Thus either 
the 1- 748 or 2-2 sulfonic acid when heated with methyl alcohol and 
alkali under pressure yields the methyl] ether, and the 1,5-disulfonic 
acid is converted to the diether.** Similar reactions occur with po- 
tassium phenoxide **° and the 1- 4° and 2-47 naphthoxides at about 
170°. 


1 1 
C 803K C  OC.Hs 
\ 
+ CeHs0K — + K2S0O3 
C C 
I I 
O O 


That potassium thiophenoxide behaves in the same manner has already 
been mentioned. Ether formation from more complex anthraquinone 
derivatives, the 1-amino-4-arylsulfonamidoanthraquinone-2-sulfoniec 
acids, which yield ethers with alcohols and alkali has been described 
in the patent literature.?4* 

Heating anthraquinone-2-sulfonic acid with an oxidizing agent in 
sulfuric acid does not affect the sulfo group; hydroxyanthraquinone- 
sulfonic acids are, however, produced.?# 
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DERIVATIVES OF AROMATIC SULFONIC ACIDS. 1 
SULFONYL HALIDES, ESTERS, AND ANHYDRIDES 
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Derivatives of sulfonic acids are of two types: (1) salts of inorganic 
or organic bases and (2) sulfonyl halides and compounds obtained 
from them. Substances belonging in the first category have been de- 
scribed in the preceding chapter. Of the sulfony] halides, the chlorides 
have been prepared for most sulfonic acids and the fluorides have re- 
ceived considerable attention in recent years while the bromides and 
iodides have been studied but little. From the sulfonyl chlorides many 
amides and esters have been made; hydrazides, azides, and anhydrides 
are less well known. The aminosulfonamides and their derivatives 
have been intensively investigated in recent years because of their 
value as chemotherapeutic agents. The literature on saccharin and 
its derivatives, N-haloamides of the Chloramine T type, and alkyl 
sulfonates is also voluminous. The sulfonephthaleins, obtained from 
o-sulfobenzoic anhydride, are important as indicators and in medicine. 

Much of the information available concerning sulfonyl] halides and 
amides is most conveniently presented in tabular form because the 
methods for their preparation are standardized and the knowledge of 
their properties does not extend, for most compounds, beyond their 


melting points. 
452 


SULFONYL FLUORIDES 453 


SULFONYL FLUORIDES 


Although compounds containing the sulfonyl fluoride group have 
been known for only a short time much information is at hand con- 
cerning thcir preparation and properties. 

Two general methods are available for synthesizing sulfonyl fluo- 
rides. As has already been noted in the section on sulfonations fluoro- 
sulfonic acid reacts with many aromatic compounds as shown in the 
equation, 


CeHe + 2FSO3H — CeHsSOeF + HeSO4 + HF 


Since fluorosulfonic acid is not a vigorous sulfonating agent it is fre- 
quently convenient to employ a sulfonic acid or sulfonyl chloride as 
the starting material.1:?? Since fluorosulfonic acid has become readily 


S02Cl SOoF 
+ 2FSO3H — + 2ClISO3H 
O2Cl OoF 
SO3H SOeF 
H OH 
+ 2FSO3H — + 2H2804 
HO38 FOS 


available sulfonyl fluorides are now accessible substances. 

A second method of preparation which makes unnecessary the han- 
dling of the corrosive fluorosulfonic acid consists in refluxing a sulfonyl 
chloride with an aqueous solution of a metal fluoride, the highly solu- 
ble potassium fluoride giving best results.* Reaction does not occur 


CeHsSO2Cl + KF — CeHsSO2F + KCl 


readily in a non-polar solvent such as benzene. The yields of mono- 
sulfonyl fluorides range from 60-80% while for di and trisulfony] fluo- 
rides they are less. This method has been found to be unsuccessful 
only when an ortho substituent interferes by inducing a side reaction. 
Thus o-chlorosulfonylbenzoy] chloride *® undergoes complete hydrol- 
ysis in aqueous potassium fluoride, apparently by the following steps. 
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TABLE 1 
ReaGent Usep M.P., °C. 
SunronyL FiuorIpeE IN PREPARATION B.P., °C. (or n??) 
A. Monosulfonyl Fluorides 
CeH;SO2F KF or FSO3H 207, 203-204 (1.4922) 
p-ClCgsH«SOoF KEE °° -* utaabeoslvoseaiuns 47-48 
p-HOCsH,SO2F FSO;3sH lin. eee eee 77 
o-O2N CsHySO2F KE 2 tae eee Saat. 60 
p-CH30Ce6H«SO2F FSO3;H 175/60 mm. 13 
p-Cp2HsOCgH«SOoF FSO3H 170-175/25 mm. 38 
4,3-HO(O2N)CgH3SOoF FSOsHT ke eee ee 66-67 
4,3-HO(H2N)CeH3SOoF FSO3H lik eee eee eee 131.5 
4,3-HO(Cl)CgH3SOoF FSO3H- id. ee eee eee eee 83-84 
o-CH3CgH«SOoF KF or FSO3H 223-225 (1.5007) 
p-CH3CsH,SO.F KF or FSO3H 112. 5/1 6 mm. 43-44 
p-CoHsCeH«SOoF FSO3H 238-2389 ln eee 
2,3-CH3(Cl)CeH3SO2F KER oe cbisererstostuantogeie’ 44-45 
5,2,4-Cl(O2N)(CH3)CeH2SOoF KE $0 (~ adel coats 84-85 
2,5-HO(CH3)CeH3SO.F FSO3H 135-136/20 mm. 58-59 
4,3-HO(CH3)CsH3SO.F FSO3H 168-170/11 mm. 56-57 
4,2-HO(CH3)CgH3SO0.F FSO3H 169-170/11 mm. 49-50.5 
2,3,5-HO(Br)(CH3)CsH2SO.F FSO3H wee eee eee 75 
1,4-CH3(OH)CeH2(SO3K)SO2F-3,5 FSO3H Es... . . ss ss eee 120-121 
o-NCC.sH,80.F KE °° eauserdvke weds 88-89 
m-HOOCC.H,S02F FSOsI 2k. eee eee 154-155 
p-HOOCCsH SOF KEN ak ae haseh ce ddetguaneeaduans 271 
3,4-HOOC(HO)CsH3802F DOs 183 
2,4-(CH3)2CeH3SO.F KF or FSO3H = 246, 239-240 (1.5086) 
2,5-(CH3)2CgsH3SOoF FSO3H 124-125 /21 mm. 24.5 
2,3,5~HO(CH3)2CeH2SO2F FSO3H MA-738/2 keene 
4,2,6-HO(CH3)2CeH:SOoF FSO3H lin. eee eee ee ee 107-108 
2,4,6-(CH3)3CeH2SOoF FSO3H 125/12 mm. 73-73.5 
2,4,5-(CH3)3CeH2SOoF FSO3H 123-126/12 mm. ........... 
2,6,4-(CH3)2[(CH3)sC]CsHsSO2F FSOsH lin eee eee eee 115-116 
1-C1¢H1:802F (tetralm) FSO3SH esha vieaeaed es 75-77 
a-CioHSO.F FSO3H- x. eee ees 56 
B-CyoH;SOoF KF or FSO3H_................ 86-88 
B. Disulfonyl Fluorides 
1 »3-CeHa(SOoF)2 KF or FSO3H_...............- 38-39 
4-C]CgH3(SOeF)>-1,3 KE 8 aa Soh a tuearetich des 88-89 
4-HOCe¢H3(SO2F)--1,3 FSOsSH lk eee eee eee 120-121 
6,4-CH3(HO)CeH2(SOeF)-1,3 FSO3H ln eee eee eee 125-126.5 
4,6-CleCgH2(SO2F)2-1,3 KES ktiehtanswen se 141-143 
4,6-(CH30)2CgHo(SOoF)>-1,3 KE ‘Sistah ane’ 209-211 
2,4,6-Cl3CeH (SO2F)2-1,3 KE. Gaia ati 109-110 
4-CH3CeH3(SOF)2-1,3 FSQ3H°  } eed leteenctes 87-88 
4,6-(CHs) 2CeH2(SOoF)2-1 3 KF or FSO;H ee as 116-118 
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TABLE I (Continued) 


REAGENT UsEpD M.P., °C. 
SuLFoNYL FLUORIDE In PREPARATION B.P., °C. (on n2) 
B. Disulfonyl Fluorides (Continued) 
1,5-CypHg(SOoF)2 FSO3H—__lini eee ee eae 203 
2-IIOC iH; (SO2F)2-3,6 FSO3H lin... eee eee eee 108-109.5 
2-HOCjH;(SOeF)2-6,8 FSO3SH in eee eee ees 175-176 
C. Trisulfonyl Fluorides 
1,3,5-CeH3(SOoF)3 DS © Sea .. 166-167 
6-CICgH2(SOeF)s-1,2,5 KF ccna 179-181 
2-HOC)H 4(SO2F)3-3,6,8 FSO;3H* i aiésasd.teaaasey 153-159 


In benzene with zinc fluoride a little of the anhydride was obtained. 
p-Chlorosulfonylbenzoyl chloride yields p-fluorosulfonylbenzoic acid 
which is in accord with the mechanism postulated to explain the be-~ 
havior of the ortho compound. 

In Table I are listed the sulfonyl fluorides obtained by the two 
methods already described. Other sulfonyl fluorides have been pre~ 
pared by substitution and oxidation reactions of those in the table. 
Most of these are mentioned in the discussion of reactions of sulfonyl 
fluorides and the others are described in the references given in this 
section. 

Under conditions which might be expected to lead to the formation 
of disulfonyl fluorides? some phenolsulfony!] fluorides are converted 
into sulfonylides. 


CHs3 


H 
+ 4FSO3H — 


CH3 
—SO2 OoF 
+ 4HF + 2H2S04 
FOe Oz 
CHs3 


p-Cresolsulfonyl fluoride and 2,4-dimcthylphenol-6-sulfonyl fluoride 
behave in the same manner. 

Sulfonyl fluorides are much less reactive than the corresponding 
chlorides and are therefore of particular interest in reactions where it 
is desirable that the sulfonyl halide group remain unaffected. They 
also show an unexpected selectivity in activity toward various groups. 
Thus benzenesulfony! fluoride reacts with concentrated aqueous am- 


2 
FO2S 
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monia in a few minutes? and with liquid ammonia when allowed to 
stand with it overnight, to give the sulfonamide, but refluxing with 
aniline for several hours causes no change. Reaction with phenyl- 
hydrazine proceeds slowly, a low yield of the sulfonhydrazide being 
isolated after a day’s standing. 


CeHsSO2F+2CsHsNHNH2z — CeHsSO2NHNHCeHs+CeHsNHNH3F 


In contrast with the behavior of benzenesulfony! fluoride, p-phenol- 
sulfonyl fluoride is converted into the anilide by warming with aniline 
at 100° for 1 hour. Standing in alcohol solution for several days 
gives none of the ethyl] ester but reaction occurs readily below 15° 
when alkali is added, a high yield of ethyl benzenesulfonate resulting. 


CeHsSOeF + NaOH + CeHsOH — CsH;SO3CeHs + NaF + H2O 


Reduction of the sulfonyl] fluoride group is effected with difficulty, ben- 
zenesulfonyl fluoride giving less than 20% of thiophenol when treated 
with excess zinc and acid. This is further shown by the reduction of 
m-nitrobenzenesulfonyl] fluoride (obtained in 96% yield by nitration °) 
with tin and hydrochloric acid to the amine without reducing the sul- 
fonyl fluoride group. Other nitro compounds have been treated simi- 
larly.1_ The toluenesulfonyl fluorides show no hydrolysis when boiled 
with water for 8 hours, reaction occurring slowly in 25% sulfuric acid, 
the ortho compound reacting less readily than the para isomer. This 
slow reaction with acid or neutral hydrolyzing agents makes possible 
oxidation of p-toluenesulfonyl fluoride to the benzoic acid with chro- 
mium trioxide in acetic acid solution. However, the ortho isomer is 
either hydrolyzed or recovered unchanged.*® With chromyl chloride 
it is possible to obtain benzaldehyde-o-sulfony! fluoride which oxidizes 
readily in the air to give the unstable acid. 


CHO COOH CO 
— — 0) + HF 
OoF OoF Oz 


Chlorination of o-toluenesulfony] fluoride for 11 hours at 180~200° 
leads to substitution in the methy! group while at a lower temperature 
and a longer reaction time the sulfonyl] fluoride group is replaced.*® In 
the presence of a trace of phosphorus trichloride the products are as 
follows. 


_ons7ey HCl H.C! 
oF 35 bre, 120" 120° Ga 


1% 25% 
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One unexpected product from the chlorination at 140-175° for 57 hours 
was o-fluorobenzal chloride. w-Iodotoluene-o-sulfonyl fluoride obtained 
from the chloride and sodium iodide in acetone is a strong lachry- 
mator. w-Hydroxytoluene-p-sulfonyl fluoride was readily prepared 
from the iodide and silver oxide, but for the ortho compound the sul- 
tone is produced as an impurity. 


The fluorine of a sulfonyl] fluoride is replaced by the chlorine? of 
chlorosulfonic acid upon long standing with this reagent. Aluminum 
chloride in carbon disulfide solution also effects this change.* 


CeHsSO2F + AICls — CegHsSO2Cl + AlCleF 


Benzenesulfonyl fluoride and p-phenolsulfony] fluoride react with ben- 
zene in the presence of aluminum chloride to give the sulfones. 

The sulfonyl fluoride group is not attacked by copper, hence it is 
possible to convert m-iodobenzenesulfony] fluoride into the biphenyl- 
disulfonyl fluoride.? 2-Iodotoluene-4-sulfonyl flouride and 2-iodoani- 


OF ae OoF OoF 
2 + 2Cu aes + Cusle 


sole-4-sulfonyl fluoride react in the same manner, 3-Aminosulfonyl 
fluoride has been converted by the diazo reaction into the arsonic acid 
from which a variety of derivatives were prepared.’ 

A number of interesting observations have been made on the re- 
actions of sulfonyl fluorides with Grignard reagents. Benzenesulfony] 
fluoride reacts with methyl or ethylmagnesium iodide to give a @-di- 
sulfone.® Similar results have been reported for the action of p-tolu- 


2CeHsSOoF + CoHsMglI — (CeHsSO2)eCHCHs3 + MgBrF + HF 


enesulfony] fluoride, p-ethylbenzenesulfony] fluoride, and 2,4-dimeth- 
ylbenzenesulfony] fluoride ® with methylmagnesium iodide. The re- 


2p-CH3CgHsSO2F +CHsMgl —> (p-CHsCeHiSO2)2CH2+[MgIF+HF] 


actions are not in accord with the equation as written since an excess 
of the Grignard reagent was employed. The disulfone does not result 
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from the action of the aryl alkyl sulfone with the Grignard reagent, 
however, as phenyl methyl sulfone and methylmagnesium iodide do 
not react at room temperature, while in boiling xylene reduction to 
thiophenol occurs. If benzenesulfonyl fluoride and then chloromethyl] 
pheny! sulfone are added to ethylmagnesium iodide the product is ap- 
parently bis-(phenylsulfonyl)-chloromethane since by reduction re- 
moval of the chlorine occurs. Isopropylmagnesium bromide reacts 
quite differently than the primary alkyl Grignard reagents, p-toluene- 
sulfonyl fluoride giving an a-disulfone.® 


2p-CH3CeHiSO2F + (CH3)2CHMgBr > 
(p-CHsCgHiSO2)2 + [MgBrF + CsH7F] 


Interestingly enough the Grignard reagent from 1,5-dichloropentane 
with 2,4-dimethylbenzenesulfony] fluoride*® gives a di rather than a 
tetrasulfone. Phenylmagnesium bromide behaves in the same way 


CIMg(CHz)sMgCl + 2(CH3)2CeH3SOoF md 
{(CH3)2CeHsSO2CH2C He2}2CHe + 2MgClF 


with either 2,4-dimethylbenzenesulfony! fluoride or 1,3-dimethylben- 
zene-4,6-disulfonyl fluoride.’ 


(CH3)2CeH2(SO2F)2 + 2CeHsMgBr — 
(CH3)2CeH2(SO2CeHs)2 + 2MgBrF 


When benzenesulfony! fluoride is heated at 240° for 16 hours with 
sodium benzoate a mixture of benzoic anhydride and benzoyl fluoride 
is produced.? 


SULFONYL CHLORIDES 


METHODS OF PREPARATION 


The direct conversion of a variety of aromatic compounds into sul- 
fonyl chlorides by chlorosulfonic acid has already been noted in the 
section on sulfonation. This reagent is particularly useful in the syn- 
thesis of phenol? and amine ® sulfonyl chlorides where the reaction of 
sulfonic acid salts with phosphorus pentachloride cannot be employed. 
Phenol and its simple derivatives all yield di or trisulfonyl chlorides 
with chlorosulfonic acid but if the phenol is first converted into its 
carbethoxy ester a monosulfonyl chloride can be obtained.® It is not 
always possible to prepare monosulfonyl chlorides by the action of 
chlorosulfonic acid’on alkyl ethers of phenols,*?° 2,4-disulfonyl chlo- 
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rides resulting. However, a substituted phenyl ether such as p-bromo- 
pheny! phenyl ether does give a monosulfony] chloride in fair yields,?!* 
and alkyl aryl ethers 7?” react satisfactorily in chloroform solution in 
most, instances.?? 

With piperony] nitrile (3,4-methylenedioxybenzonitrile **) conden- 
sation to the anthraquinonediimide occurs rather than formation of a 
sulfonyl chloride. Acetanilide #* and substituted anilides ** are read- 
ily converted into monosulfony] chlorides.** 

Chlorosulfonie acid may be used to convert sulfonic acids or their 
salts into sulfony] chlorides ?* making this reagent of value in obtain- 


CeHsSOsNa + CISO3H —> CeHsSO2Cl + NaHSO. 


ing sulfonyl chlorides which do not result by direct sulfonation. This 
reaction has been employed infrequently, however. 

Since chlorosulfonic acid has been in general use for the preparation 
of sulfonyl chlorides only comparatively recently, most of these com- 
pounds described in the literature have been made by other methods, 
by far the majority having been obtained by the action of phosphorus 
pentachloride upon an alkali sulfonate. 


ArSO3Na + PCls — ArSOzCl + POCI3 + NaCl 
2ArSO3Na + POCI3 —> 2ArSO2Cl + NaPO3 + NaCl 


The only limitation upon this method is the presence in the molecule 
of groups such as hydroxyl which react with phosphorus chlorides. 
Thus potassium p-phenolsulfonate with phosphorus pentachloride 7 
gives a phosphate. With a second molecule of phosphorus pentachlo- 


p-HOCeH4SO3K + PCls —> CleOPOCeH4SO2Cl + HCl + KCl 


ride **?® at 180° the chlorosulfonyl group is replaced while at 250° 
p-dichlorobenzene is formed quantitatively.* By using the theoretical 


ClaOPOCeH4S8O02Cl + PCls —» ClhOPOCeHsCl + SOCl2 + POCIs 
ClaOPOCeH4Cl + PCls — p-CeHsCle + 2POCIs 


amount of water the chlorine of the phosphate group is readily re- 
moved but hydrolysis to p-phenolsulfonyl chloride has not been ac- 
complished. The reaction of sodium o-phenolsulfonate with phos- 


ClhOPOCgH4SO2Cl + H2O — O2zPOCsH.SO2Cl + 2HCl 


phorus pentachloride is precisely analogous to that of the para com- 
pound.?° However, if sodium m-phenolsulfonate is warmed with this 
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reagent and the product washed with water,”? m-phenolsulfonyl chlo- 
ride is obtained. It seems probable that the phosphate first formed 
hydrolyzes easily rather than that the hydroxyl group is not esterified. 

Heating sodium phenol-2,4-disulfonate with phosphorus pentachlo- 
ride to 140-150° gives chlorobenzene-2,4-disulfonyl chloride,?? the hy- 
droxy!] being more easily replaceable than the sulfonyl chloride group. 
This is the reverse of the behavior of the monosulfonates as was noted 
earlier. Sodium phenol-2,4,6-trisulfonate 2? and resorcinol-4,6-disul- 
fonic acid behave in the same manner.* 3,5-Dibromo-4-hydroxyben- 


OH Cl 


03H O2Cl 
i + 4PCls — a + 4POCI + 4HCI 


03H SO2Cl 


zenesulfonic acid gives a phosphate *7-?° just as does the unbrominated 
compound but 4-methyl-6-nitrophenol-2-sulfonic acid and 4-methyl- 
phenol-2,6-disulfonic acid 74° are converted to the sulfonyl chlorides 
without affecting the hydroxy group. Potassium 2-methyl-6-bromo- 
phenol-4-sulfonate 2*” is converted to the hydroxysulfony! chloride by 
heating with phosphorus oxychloride to 150° whereas the isomeric 
4-methyl-6-bromophenol-2-sulfonate ?** gives both the hydroxysul- 
fonyl chloride and the dichlorophosphate of this. 

Treating a- and @-naphtholsulfonic acids with phosphorus oxychlo- 
ride yields complex condensation products.?® 

When the hydroxy! group of phenolic sulfonic acids has been pro- 
tected by reaction with acetic anhydride **”° or ethyl chloroformate 7° 
reaction with phosphorus pentachloride proceeds normally, the ester 
group not being affected. 

It has been reported that aminoanthraquinonesulfonic acids or their 
salts react with phosphorus pentachloride in the presence of phos- 
phorus oxychloride to give the corresponding sulfonyl] chlorides with- 
out affecting the amino group.” 

Of the less used methods for obtaining aromatic sulfonyl chlorides, 
the only one with practical value is the action of chlorine in water 
solution upon thiophenols and their derivatives, disulfides, or sulfinic 


ArSO2H + Cle + ArSO2Cl + HCl 
(ArS)2 + 4H20 + 5Cle + 2ArSO2Cl + 8HCI 
2ArSH + 6Clz + 4H20 — 2Ar802Cl + 10HCI 
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acids. Thus benzcnesulfinic acid,?** thiophenol 2* dipheny] disulfide,2®° 
phenyl thiocyanate,” sodium 3-nitrobenzenesulfinic acid,?* p-nitro- 
phenylsulfur chloride, 2,4-dinitrophenylthiuronium chloride, so- 
dium o-toluenesulfinate,*? p-toluenesulfinic acid,*? p-thiocresol,?* di- 
(4-methyl-3-bromophenyl) disulfide,* di- (4-methyl-2-bromopheny]l) 
disulfide,®** di-(2-nitro-4-methylphenyl) disulfide,8* dithiohydroqui- 
none,®* dithioresorcinol,®* potassium m-benzenedisulfinate,®? potassium 
toluene-2,4-disulfinate,®* bipheny]-4,4’-dithiol,®® trithiophloroglucinol,*° 
toluene-2,4,6-trithiol,*® 2-(2-methoxyphenylsulfony!}-benzenesulfinic 
acid ** and the ethoxy compound,‘?* and 4-nitronaphthalene-1-sulfinic 
acid *1® have been converted into sulfonyl chlorides by the action of 
chlorine in water or acetic acid solution (or suspension). Chlorine in 
chloroform solution converts nitrobenzenesulfonhydrazides into the 
sulfony] chlorides.*?* It seems probable that for the reactions in acetic 
acid solution the oxygen is furnished by a small amount of water 
present rather than by the acetic acid. 

Chlorine reacts with sulfones and sulfides by cleavage of a carbon- 
sulfur bond and formation of a sulfonyl chloride. Thus phenyl sul- 
fone *? reacts at 120-130° to give benzenesulfony] chloride and chloro- 


(CeHs)2802 + Cle — CeHsSO2Cl + CeHsCl 


benzene. Phosphorus pentachloride may serve as the source of the 
chlorine.*® Diphenyl ethylene disulfone has been observed “ to react 


(CeHs)2802 + PCls — CeHsCl + CeHsSO2Cl + PCl3 


with chlorine to give benzenesulfony] chloride as one product. 
Chlorination of p-iodophenyl methyl] or ethyl sulfide in the presence 
of moisture from the air gives as the final product p-iodobenzenesul- 
fonyl chloride.*® As the first stage the hydrogens of the alkyl group 
are replaced. Bromine does not react in this manner. The iodine ad- 


CeHsSCH3 + 38Cle —- CeHsSCCl3 + 3HCl 


dition product of 2,5-dibromo-1,4-phenylene dimethyl] disulfide also is 
converted to the disulfony] chloride by chlorine in acetic acid.** 

Chlorine brings about decomposition of potassium benzenethiosul- 
fonate in water solution to give the acid chloride.** 


CeH;sSO28K + Cle — CeHsSO2Cl + § + KCl 


Phosphorus oxychloride 47 and aqueous ferric chloride ** achieve the 
same end. 


CeHsSO28K + FeCl3 — CoHsSO2Cl + S + FeCle 
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N,N-Dichlorobenzenesulfonamide *® pyrolyzes at 200° to give ben- 
zenesulfonyl chloride as one product. Sulfonamides may be converted 
into sulfonyl chlorides by reaction with chlorosulfonic acid or phos- 
phorus pentachloride. Benzenesulfondimethylamide °° and m-nitro- 
benzenesulfonamide §* behave this way with chlorosulfonic acid at 
150° and N-benzenesulfonylglycine ** is split by phosphorus penta- 
chloride in acetyl chloride solution. 

In the presence of aluminum chloride sulfury] chloride °*¢ reacts with 
benzene or toluene to give sulfonyl! chlorides, sulfones occurring as by- 
products. More recently it has been reported ** that heating p-chlo- 


CHsCoHs + SO2Cle “+ p-CHCeH.802Cl + HCl 
robenzenediazonium chloride in liquid sulfur dioxide gives an 80% 
yield of the sulfonyl! chloride. 


p-ClCgHaNoCl + S02 “98s p-ClCsHsSO2Cl + Not 
Heating a salt of a sulfonic acid with benzotrichloride is reported 
to yield the sulfony! chloride. 


CeHsSO3Na + CeHsCCl3 —> CeHsSO2Cl + NaCl + CeHsCOCl 


In the following tables are listed the sulfonyl chlorides derived from 
the common aromatic nuclei. Under “Reagent,” I refers to phosphorus 
pentachloride or rarely phosphorus oxychloride; II refers to chloro- 
sulfonic acid; and JIJ, one or more miscellaneous methods of prepara- 
tion including substitution reactions already described in the preceding 
pages. The references for these latter already given are not repeated. 
Since the chlorides have almost always been converted into sulfona- 
mides, by reaction with aqueous or alcoholic ammonia or ammonium 
carbonate, the melting points of these are also given in the tables. Many 
sulfonyl chlorides also have been converted into anilides. When the 
anilide is known its melting point and a superscript number indicating 
the reference from which this figure is derived are given in the last 
column. The methods for preparing amides and anilides are discussed 
more adequately in a later section. All references are given at the 
end of each table. In Table II are listed the monosulfony!] chlorides 
derived from benzene and its halogen and nitro derivatives. This is 
followed by tables listing sulfonyl chlorides obtained from other ben- 
zene derivatives and then from other ring systems including bipheny]l, 
naphthalene, acenaphthene, anthracene, and phenanthrene deriva- 
tives. 


Aryl Group of 


Sulfonyl Chloride 


CeHs- 

4-FCeHa- 
2-CiCegHa- 
3-ClCeHa- 
4-ClCgHa- 


2,5-CleCeHz- 


2,4-CleCeH3- 
3,4-CleCeH3- 
2,3,4-Cl3CeHe- 
2,4,5-Cl3CeHo- 
2,4,6-ClaCelI2- 
2-BrCgHa- 
3-BrCeHu- 
4-BrCeH a 
5,2-CIBrCeHs- 
2,5-CIBrCeH3- 
2,4-BroCeH3- 
2,5-BreCeH3- 
3,4-BroCelI3- 
3,5-BreCeH3- 


4,3,5-ClBroCeHe- 


2,3,5-BrsCeHe- 
2,4,5-BrsCeH2- 
2,4,6-BrsCeHo- 
3,4,5-BrsCeHo- 
2,3,4,5-BraCegH- 
2,3,4,6-BraCgH- 
Br5sCeu- 
2-ICeHa- 
3-ICeH4- 
4-ICegHy- 
2,5-IC]CeH3- 
3,6-IC]CeH3- 
2,5-IBrCgH3z- 
3,6-IBrCelIz- 
2,4-IeCelIs- 
2,5-leCaHs- 
3,4-IeCeH3- 
3,5-IeCeH3- 
2,3,5-IsCeHo- 
2,4,5-IsCeHe- 
3,4,5-IsCeHo- 
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TABLE II 


BENZENE DERIVATIVES 


Reagent(s) and 


Reference(s) 
J) 01,2 1 


Js 
1,8 It 3 


1,8 1] 67 61, 66 


1518 
18 11 
jy@. 68 
[20 81, 68 
118 

ju. 

I 

1™ 18 
ys 

ys 

],16. 17 [Js 
[. 18, 19, 20 JS 
] 1% 1 Tyo 
[2 22 

]3 

yu 

js 2 

14 118 
tie 

]7 3 

J 2a, 2, 30 


J 


+ Jia, 38, 72 


[2 
1,3 4b 33 TIT 
Ju. 36 
ys 
[% 
y36 
j* 
I* 
[ss 
[x 
y* 
ys 
[* 


M-P., °C. 


14.5 
36 
28.5 
Oil 
53 
38 


463 


M.P., °C. 
Anilide and 
Amide Reference 

153 112 

124-125 ee, 

WE eee 

48 eatin asia 

143-144 1045° 
ee 160% 

179.5-180 


54.6, 52-53 182, 179-180 
22.4, 18-19 140, 134-135 


64-65 226-230 (dec.) 
31--34 >200 

35-40 210-212 (dec.) 
51 186 

Oil 1538-154 
75-76 165, 161.5 
46 191 

66 178 

79-795 190, 188-189 
71 193, 194-195 
34 175 

57.5 203 

04550 nisin ected 
86 225 (dec.) 
86.5 225 (dec.) 
64.5, 58-60 228 (dec.) 
127 210 

120 240 (dec.) 
96.5 >240 (dec.) 
153-154 >290 

51 170 

23 153 

84-85 183 

69° hehehe y 
1430500 gabe aceietebeatens 
OF whe tara oles 
Olt = extlei deeutedutectade 
77-78 230 

181-1820 wwe eee eee 
82 227 

93 205-218 
122-123 >280 

135 > 260 

145 > 250 


gue Nitin 


194-196 
201% 


464 DERIVATIVES OF SULFONIC ACIDS. 1 


TABLE II (Continued) 


M.P., °C. 

Aryl Group of Reagent (s) and Anilide and 
Sulfonyl Chloride Reference(s) M.P., °C. Amide Reference 
2,3,4,5-I4CgH- I* 161-162) sai PEA ee wens 
2-OoN CeHg- I,% 88> 90 TITS: 7 §8.5-69.5 193 1158 
3-OoNCeHa- I, 4 JJ, IIIS 63-64 167-168 125¢s 
4-OoN CeHe- J, 9% 42 04. 67, 8 TTT 80.5 179-180 1718 
4,2-Cl (O2N)CgH3- 9 re, Oar oP ONE Ee Oe war PORE eR ere OE ee 
5,2-Cl(O2N)CeHs- TR an dceeteas eta 158-159 eee eee 
6,2-Cl(OoN)CeH3- I“ 180 DeCw 2 AR eda a deat 
4,3-Cl(O2N)CeH3- [Mss 5 40-41 V75-176 ke eee 
5,3-Cl(OgN)CeHs- ‘I Oil 164-165 eee ee eee 
6,3-Cl(O.N)CeHs- I,4 46 JJ 89-90 185-186 kee eee 
2,5,3-Cle(O2N)Cellz- III* 69-60. © eet e: GON Seed eee es 
4,3,5-Cl(OoN)eCeHe- II® SO s,s teen bee uke debate leas 
4,2-Br(OgN)CglIs- I HOG ip sh aah «utente ani 
5,2-Br(OoN)Cel13- hu 83 169-1705 © ave jie cee 
2,3-Br(OoN)CeH3- 16 97 QYB ge duster geaueic tine 
4,3-Br(OoN)CeII3- J“ 56-57 V6-177 cee eee 
6,3-Br(OoN)CeHs- [48 92 205 ew Bee Generel ses 
3,5,2-Bre(OoN)CeHo- I?! 118-121 Dee::300° aiuto sacs 
4,5,2-Bre(OoN)CeHz- I* 98-99 210-211) eee eee 
4,6,3-Bre(OeN)CgHe I” 115.5 Déen2009 9 iver Sate vantad 
2,5,3-Bro(OoN)CeHe- I” Oil WB ced ete tes 
3,4,5,2-Br3(O2N)CgH- I%# 116 Cy ee 
2,4,5,3-Br3(OoN)CeH- I?7 143 250), § nhavtiecdmaawes 
2,4,6,3-Br3(OoN)CeH- I%2 144-145 TO) -.. ° | knees ytpwevee 
3,4,5,6,2-Bre(O2N)Cp- I?” 172-173 260 dec.) wee eee 
2,4,5,6,3-Br4(OoN)Ce- Is 14707 Geawewamtaee “tian de yates 
2,5-I (OgN)CeH3- yu 1222128) kk iene Leen eeu s 
2,4-(OoN)oCeH3- 1,8 ILI@ 102 154, 156-157)... eee 
3,5-(O2N) 2CeH3- ys 98-99 p> | a oer Sa ene ee 
4,3,5-Cl(OoN)eCeHe- I 80°. 6 ki Seredaen, ea eee dS 
2,4,6,3,5-Brs(OoN)oCe- 1 200 (dec.) 255-260 (dec.) ............. 
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72 Sshwarzenbach and Egli, Hels. Chim. Acta, 17, 1176 (1934). 
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TABLE III 
BENZENE DERIVATIVES 
M.P., °C. 
Aryl Group of Di- and Reagent(s) and Anilide and 
Trisulfonyl Chlorides Reference(s) M.P.,°C. Amide Reference 

CeHi-1,2- yha 143 252 241 
CeH.-1,3- I,® 2 II, * III 63.5 229 148-150%-2« 
CeHe-1,4- J,® 34. & 6 TT.# TIT® 138-139 288 248-2497: 35, 28 
4-C1CeH3-1,2- III" 82-83 ewe Pekdtatd es 
4-ClCgH3-1,3- I? II,* * III* 90.5,88 217-219 ............. 
5-ClCgH3-1,3- Is 105.5-106 223-224 ........,.... 
2-C1CgH3-1,4- 1s 96°6-97%) eines. Aesasdewan ees 
4,6-CloCeH--1,3- I III* 122-123 276. 0 Sad eh dara art 
2,5-CleCeHe-1,3- Ip » M4 ©. sean ade 215-217” 
2,5-CleCeHy-1,4- H™. 9 162) «-- Yk aneea ds + hasweermueuatan 
2,4,6-ClsCeH-1,3- P WGLZ6:/ | See Meee adelaide 
4,5,6-ClsCeH-1,3- III 1) { rere eee 100-110 
4-BrC6H;-1,2- I 8B eee 182! 
4-BrCeH3-1,3- qi 103-105 230° ~ dkhadaidele 
5-BrCgH3-1,3- is. te 99-100 245; 255-— www ee eee 

256 
2-BrCeHs-1,4- I8 104 BiG” ° - Aa eee 
2,5-BroCeHe-1,4- A,“ TIT 165 240° sec edleceestt- 
4-OoNCeH3-1,3- ys Oil? beso: eho Bee 
5-OoN CeH3-1,3- [6,2 96 242 
4,5-Cl(O2N)CeH2-1,3- II‘ OB artista: skvctdisotaaialea t's 
4,6-Cl(O2N)CeH2-1,3(?)- Ts Impure: .s2vde0e es Siva ekecek 
3,5-(O2N )oCeHe-1,4- q" Dec. Dee. asics ge eeeee 
CeHs-1,3,5- I, 8 TIT 184 346-347) wee 

(: (1.0) rr 
2-ClCeH2-1,3,5- TI* # VWOSIIL  -oitetnhe Ve damatentinns 


1 Armstrong and Napper, Chem. Newa, 82, 46 (1900). 

2 Pollak, Rec. trav. chim., 20, 427 (1910). 

3 (a) Kérner and Monselise, Gazz. chim. ital., 6, 139 (1876); Ber., 9, 584 (1876). (b) Passchke, 

J. prakt. Chem., {2]8, 418 (1870); Nélting, Ber., 8, 1113 (1875). 

4 Pollak, Heimberg-Krauss, Katscher, and Lustig, Monatsh., 85, 358 (1930). 
5 Jackson and Wing, Am. Chem. J., 9, 332 (1887). 

® Armstrong, Colgate, and Rodd, Proc. Roy. Soc., 9OA, 161 (1914). 

T Olivier, Rec. trav. chim., 88, 353 (1919). 

8 Olivier, ibid., 87, 309 (1918). 

9 Davies and Poole, J. Chem. Soc., 1122 (1927). 

10 Gebauer-Filnegg and Figdor, Monatsh., 48, 627 (1927). 

11 Meyer and Noiting, Ber., 7, 1311 (1874); Heinselmann, Ann., 190, 228 (1878); Zander, Ann., 198, 

11 (1879). 

12 Heinselmann, Ann., 188, 177 (1877). 
4 Zander, Ann., 198, 20 (1879). 
14 Borns, Ann., 187, 355 (1877). 
16 Heinselmann, Ann., 188, 166 (1877). 

6 Allert, Ber., 14, 1436 (1881). 
\7 Limpricht, Ber., 8, 280 (1875). 
18 Behrend and Mertelsmann, Ann., 878, 362 (1911). 

19 Olivier and de Kleermaeker, Jr., Rec. tras. chim., 89, 640 (1920). 
0 Troeger and Meine, Ber., 88, 1058 (1902). 
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21 Chattaway, J. Chem. Soc., 85, 1187 (1904). 

22 Autenrieth and Hennings, Ber., 86, 1396 (1902). 

23 Armstrong, Colgate, and Rodd, Chem. Zentr., 1, 2000 (1914). 

% Zincke and Kriger, Ber., 48, 3471 (1912). 

2% Zincke and Frohneberg, Ber., 48, 2728 (1909). 

26 Schultz, Ber., 89, 3347 (1906). 

27 Soc. pour l’ind. chim. & Bale, French pat., 825,728, C.A., 88, 6667 (1938). 
38 Pollak et al., Monatsh., 89, 179 (1918). 

22 Gebauer-Filnegg, Riesz, Lorenz, and Pollak, thid., 48, 645 (1927). 
30 Parekh and Guha, J. Ind. Chem, Soc., 11, 95 (1934). 

41 Mills and Clark, J. Chem. Soc., 175 (1936). 

42 Bennett and Willis, ibid., 256 (1929). 

33 Riesz, Berndt, and Hitschmann, Monatsh, 60, 328 (1928). 

44 Pollak and Gebauer-Filnegg, ibid., 46, 499 (1926). 

%5 Olivier, Rec. trav. chim., 89, 495 (1920). 


TABLE IV 
M.P., °C. 
Aryl Group of Reagent(s) and Anilide and 
Sulfonyl Chloride Reference(s) M.P., °C. Amide Reference 
A. Alkylbenzene Derivatives 
2-CH3CeHi- I, II,2? II 10 156.3 136” 
3-CHsCeHae- J 11.7 108 964° 
4-CHsCeHa- III, "III 69 137 103 
2-ColI ;CeHe- [8 Oil 99-100 sis. 
3-CoHsCeHe- Teves a Saath uichana ae 85-86  ........ 
4-CoH,CeHe- J 59 12 WO 2 Sawa akess 
2-n-CgH7CeHa- TU, ree iebaeseedea) oe YBa 
3-n-CsH7CeHe- Pet Pee ae 2 ST. ek teetided 
4-n-CsH7CeHa- JE atee 0 0 
4-is0-CsH7CeHy- JU eibcdesietin betes 106.5-107 www ss ss 
4-sec-C4HoCeHa- y3 Oil, b.p. 80-81 63-64! 
179-180/ 
20 mm 
4-tert-CaH gCeHe- THO eee tes 137 ee ee 
4-n-CgH11CeHa- I™ 38-39 86-87 ii eee 
4-{ (n-CsII7) (CHs)CH]-CeHa- I'* B.p.194 66-67 60-61" 
(12 mm.) 
4-(C2H6)2eCHCeHi- Te edhseouta tas 89-90 sae 
4-(CHs)sCCH2CeHa- Is 58.7-59.2 101 1378 
B. Halo and Nitroalkylbenzene Derivatives 
4,2-F(CH3)CeHs- II“ Oil 172-173 iw 
5,2-F (CHs)CeHs- I,36 I]! 4 B.p. 145-150) .......6. 00 eee ee eee 
(20 mm.) 
4,3-F(CH3)CeHs- II# Oil 104-105 iwi see 
2-(CICH2)CeHa- III AB eGR) aed Slarecd 
3,2-Cl(CHs)CeHs- III 72 WO gene ee 
4,2-Cl(CHs)CeHs- I,” II" # 52-54 184-185 wg. es 
5,2-Cl(CHs)CeHs- rs 24, 21 142-143; 145 144% © 
4,3-Cl(CHs)CeHs- I,* II“ 63 126-128 92m 
6,3-Cl(CHs)CeH3- Is 56 156 188™ 


4.(CICHIC.H IIT# DO. - ate a gattlageats 
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TABLE IV (Continued) 


M.P., °C. 
Aryl Group of Reagent(s) and Anilide and 
Sulfonyl Chloride Reference(s) M.P., °C. Amide Reference 
B. Halo.and Nitroalkylbenzene Derivatives (Continued) 
2,4-Cl(CH3)CsH3- I" 46 W862 sk beeen 
3,4-Cl(CH3)CeH3- TIT a. 6 38 134 96* 
3,4,2-Cle(CH3)CeH2- I¢ 51-52 228 hee eee 
3,5,2-Cle(CH3)CeHe2- I* 54 V6 edit 
3,6,2-Cle(CH3)CeHo- 1% 38 VEO A agezenSieetaxe 
4,6,2-Cla(CH3)CeHe- I” 43 18 ga ea eeee 
5,6,2-Cle(CII3) CeH2- I* 49 W622 bas eae 
2,4,3-Clo(CH3)CeHe- LIM: 46, 47 54-56, 59,60 199-201 203 «7 
2,6,3-Clo(CHs)CeH2- I* 19.5 188 eh eiee ne 
4,5,3-Cle(CH3)CeH2- [3.4 85, 88 183-185 six... 
4,6,3-Cle(CH3)CeH2- 1, [I 47. 9-71-72 175-176,178 ........ 
§,6,3-Clo(CIIs) CeH2- I* 64 WS aes 
2,3,4-Cle(CH3)CeH2- I” 40-41 PE Y (ne 
2,5,4-Clo(CH3)CeHo- [o. 9 45-46 191-192 ~—i.... ss, 
2,6,4-Cle(CH3)CeH2- I" 56 154-155 iss se 
3,5,4-Clo(CH3)CeH2- I,* III" 69 WI ok ee kaa 
3,6,4-Cle(CHs)CsH2- TTT yee OMe se ce seme aae Abc hhe 
2,3,4,6-Cl3(CH3)CeH- [180 BB 8 iidynGda ll. wi Seeee's 
4,2-Br(CH3)CeHs- I,” II“ 49-50 162-165; iwi. sss 
167-168 
5,2-Br(CH3)CeHs- I, TI“ 33-35 166-167; sw. ws 
164-165 
4,3-Br(CH3)CsH3- 1,7 3-2 TT“ = §9-61 145-147, ik... 
5,3-Br(CH3)CeHs- Te8is31, 52-53 138-139 direneedteutts 
6,3-Br(CH3)CeHs3- J'* 3%. 27 61-62 151-152 i... 
2,4-Br(CH3)CeHs- IiI 80 sGeaehaocu Cha eetehy 
3,4-Br(CH3)CeHs3- I,” III 60 Tole OMe 
4,5,3-Bro(CH3)CeH-- I» 93 Q14 | hiverstersrnis 
*1,2,4-CH3(Br2)CsH2- it 86-88 212-218. 
*1,2,5-CHs (Br2)CeH2- I 73-74 210-211 Sis... 
*1,2,6-CH3 (Bre) CsH-2- I 101 2040 eee 
*1,3,4-CH3 (Bre) CeH2- 18 104-105 21200 he eee se 
*1,3,5-CHa(Bro)CeHe Is Oil 105 wie ess 
2,3,6,4-Br3(CH3)CeH- 18 Oil Dec. Ss. ss eee 
*1,2,3-CH3(Br) (Cl)CsH2- Iv 70-71 7), rere 
*1,2,4-CH3(Br) (Cl) CeH2- Iv 84 W865 8 ewenanee 
*1,2,5-CH3(Br) (Cl)CeHe- I7 49-50 20Y sv ditdave 
*1,2,6-CH3(Br)(Cl)CeH2- 7 70 205 eee 
*1,3,2-CH3(Br)(Cl)CeH2- I 81-84 200-201 ix. se 
*1,3,4-CH3(Br)(Cl)CaHe- hus 87-88 2045 ee hater 
*1,3,5-CH3(Br)(Cl)CeH2- hy Oil sy (nr orr rr rere, 
*1,3,6-CHa(Br)(Cl)CsH2- Iv 45-46 W025 sees 
*1,4,2-CHs(Br) (Cl)CeHe- Iv 79 16. wea 
*1,4,3-CH3(Br) (Cl) CeHz- I” 101 191-192. 


* The position of the sulfonyl group is uncertain. The relative positions of the halogens and the 
methyl group are given. 
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TABLE IV (Continued) 
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M-P., °C. 
Aryl Group of Reagent(s) and Anilide and 
Sulfonyl Chloride Reference(s) M.P., °C. Amide Reference 


B. Halo and Nitroalkylbenzene Derivatives (Continued) 


5,2-Br(C2H6) CeHs- 0. Acti Eee 123-124 Sis. sg 
4,3-Br(CoHs)CeH3- TE Eide nce 104. 6 se hGGa Sel 
§,2-1(CH3) CgH3- DiS teat Redd 185-187) we 
2,5-I(CH3)CeH3- 6 68 161-162 iw 
4-(ICH2)CgHy- TIT JOB: © 6 Sievert - \tatderend 
3,2-O2N (CH3)CeH3- | Cea Cn tere T6604 000.  Aaneeey 
5,2-O2N (CH3)CeH3- 1,2 1123 43-44 ..5 186-187 1484 

2,3-O2N (CHa) CoH 2- I” 58.5 163.5 = ........ 
4,3-O2N (CH3)CeH3- {» 50 133.5  ........ 
2,4-O2N (CH3)CeH3- I 98-99 170 129% 

3,4-O2N (CH3)CeHs- J,8a- 4 4 J] me 36 142.5, 144 109@ 

I* 

§,3,2-Cl(OeN)(CHg)CgHe- =, 8 III 60 WF abe atees 
5,6,2-Cl(OeN)(CH3)CelIo- 1,8 III* 154 5 er ree 
4,5,2-Cl(O2N)(CH3)CeHo —i, #8 TII48 116 WO eee 
4,3,2-Cl(OoN)(CHa)CeHx —, #8 III 96 by ( Sores or 
4,5,3-Cl(O2N)(CH3)CeHo- 1,49 TID8 52 Zl hades 
4,6,3-Cl(O2N)(CHs)CeH, I” 97 W200 gets 
6,2,3-Cl(O2N)(CHa)Celfz- «1,48 TIT## 122 WE ateceated 
6,4,3-Cl(O2N)(CHs)CeH> = 48 92 W8 eee 
6,5,3-Cl(O2N)(CH3)CeHz 1,4 IIIT® 62.5 VOB ahehaasuelare 
3,5,4-Cl(O2N)(CHa)\CeH- I, 1B ® 70 VB saeco aA 
3,6,4-Cl(O2N)(CH3)CeH2 I, T1T#* 40 = 99 0) ne eae 
§,2,4-Br(O2N)(CH3)CsH> I® > 220(?) >2000, 1... eee 
3,5,4-(O2N)2(CH3)CeH>- 1% 125 20S" asia ed 
3,5, 2-(O2N)2(CH3) CeH>- [» Wt. | |. aeeerigey. .veadabdenty 


1 Hiibner and Terry, Ann., 169, 29 (1873); Jenssen, Ann., 179, 236 (1874). 

2 Claéeson and Wallin, Ber., 19, 1849 (1879); Noyes, Am. Chem. J., 8, 176 (1886); Houmann, Ber., 
18, 1114 (1884); Harding, J. Chem. Soc., 119, 1261 (1921); McKie, ibid., 118, 799 (1918); Monsanto 
Chemical Co., German pat., 640,650, C.A., 81, 5383 (1937); Inoszemtsev, Org. Chem. Ind. (U.S.S.R.), 
8, 206 (1937); C.A., 51, 7046 (1937); Kreidl, Austrian pat., 110,128, C.A., 88, 1138 (1929). 

® Holleman and Caland, Ber., 44, 2505 (1911). 

4 (a) Griffin, Am. Chem. J., 19, 190 (1897). (b) Hiibner and Miller, Ann., 169, 50 (1873). 

8 (a) Wolkowa, J. Russ. Phys.-Chem. Soc., 8, 165 (1870), Z.[Chem., 323, (1870). (b) Bourgeois, 
Ree. tray. chim., 18, 436 (1899). (c) Kershner and Turner, Science, 58, 184 (1920). (d) Jaeger, Proc. 
Acad. Sci. Amsterdam, 83, 347 (1920). 

6 Gilliard, Monnet, and Cartier, German pat., 98,030, Frdl., 4, 1261. 

7 Moody, Chem. News, T1, 197 (1895). 

8 Sempotowski, Ber., 88, 2672 (1889). 

® Chruschtschow, Ber., 7, 1166 (1874); Moschner, Ber., 84, 1261 (1901). 

10 Moody, Chem. News, 79, 81 (1899). 

11 Meyer and Baur, Ann., 819, 298 (1883). 
12 Spica, Gaes. chim. iial., 9, 439 (1879). 

18 Klages, Ber., 89, 2133 (1906). 

M4 Kelbe and Pfeiffer, Ber., 19, 1728 (1886). 
15 Klages, Ber., 86, 3590 (1903). 

18 de Roode, Am. Chem. J., 18, 224 (1891). 
17 Holleman, Ree. trav. chim., 35, 332 (1906). 
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18 (a) Wynne, J. Chem. Soc., 61, 1070 (1892). (b) Davies and Davies, tbid., 123, 2976 (1923). 

1® Hbner, Retschy, Hisselbarth, and Post, Ann., 169, 6, 15 (1873). 

2 Weckworth, Ann., 172, 196 (1874). 

21 Glassner, Ber., 8, 561 (1875). 

22 (a) Ullmann and Lehner, Ber., 38, 736 (1905). (6b) Green, Marsden, and Scholefield, J. Chem, 
Soc., $8, 1432 (1904). (c) Chem. Fabr. von Heyden, German pat., 89,997, Frdl., 4, 39. 

28 Jenssen, <inn., 172, 232 (1874); Noyes, Am. Chem. J., 8, 168 (1886). 

24 Wynne and Bruce, J. Chem. Soc., 78, 739-772 (1898). 

2% (gq) Wynne and Greeves, Chem. News, 78, 58 (1895). (b) Cohen and Dakin, J. Chem. Soc., 79, 
1129 (1901). 

26 vy, Pechmann, Ann., 178, 208 (1874). 

27 Nevile and Winther, J. Chem. Soc., 87, 631 (1880); Ber., 18, 1947 (1880). 

% Hobner, Hetschy, Miller, and Post, Ann., 169, 40 (1873); Pagel, Ann., 176, 206 (1875). 

2 Wynne, J. Chem. Soc., 61, 1042 (1892). 

30 Foth, Ann., $80, 308 (1885). 

31 (a) Ges. fOr Chem. Ind., German pat., 133,000, Chem. Zentr., II, 313 (1902). (6) Limpricht and 
Paysan, Ann., $81, 213 (1883). (c) Davies, J. Chem. Soc., 119, 853 (1921). 

™ Hayduck, Ann., 17%, 206 (1874). 

33 Hayduck, Ann., 174, 355 (1874). 

% Otto and Gruber, Ann., 148, 23 (1868); Fichter and Bernoulli, Ber,, 42, 4309 (1909). 

%5 Reverdin and Crépieux, Bull. soc. chim., [3] 25, 1040 (1901); Ber., $4, 2992 (1901); Holleman, 
Rec. trav. chim., $4, 198 (1905). 

46 Schwanert, Ann., 186, 359 (1877). 

37 Cohen and Smithells, J. Chem. Soc., 105, 1909 (1914). 

38 Cohen and Dutt, thid., 108, 502 (1914). 

49 Remsen and Kohler, 4m. Chem. J., 17, 339-347 (1895); Troger and Uhlmann, J. prakt. Chem., [2] 
81, 437 (1895); MUller and Weisinger, Ber., 18, 1348 (1879). 

40 Groth, Chem. Kryst., 6, 75 (1919). 

41 Ullmann and Gachwind, Ber., 41, 2293 (1908). 

42 Reverdin and Crépieux, Bull. soc. chim., [3] 28, 1048 (1901); Ber., $4, 3001 (1901). 

43 Zincke and Rise, Ann., 406, 135 (1914). 

44 Huntress and Carten, J. Am. Chem. Soc., 68, 513 (1940). 

45 Barber and Smiles, J. Chem. Soc., 1141 (1928). 

“6 Herz, Bauer, Steiger, Albrecht, and Dereser, German pat., 555,140, C.A., 26, 5105 (1932). 

47 Silvester and Wynne, J. Chem. Soc., 691 (1936). 

48 Wynne, tbid., 696 (1936). 

4 Turner and Wynne, tbid., 707 (1936). 

8 Hirwe and Jambhekar, J. Indian Chem. Soc., 11, 239 (1934). 

51 Villiger, Ber., 61B, 2596 (1928). 

8% Davies and Dick, J. Chem, Soc., 2042 (1932). 

33 Bygdén, J. prakt, Chem., (2] 100, 1 (1919). 

84 Radcliffe and Simpkin, J. Soc. Chem. Ind., 40, 119 (1921). 


TABLE V 
ALKYLBENZENE DERIVATIVES 
Aryl Group of M.P., °C. 
Di- and Tri- Reagent(s) and Anilide and 
sulfonyl Chlorides Reference(s) M.P., °C. Amide Reference 
4-CH3CeH3-1,2- I,§ IIIs 100-111 235-239 190° 
2-CH3CeH3-1,3- Ie7 88 >260 1628 
4-CH3CeH3-1,3- I, II,2 7 III 53-54 186-187 187-189* 15: 16 
5-CH3CeH3-1,3- Js: ® 40 94 216 153¢ 
2-CH3CeHx1,4- Ie 98 224 178¢ 
4,5-CH3(Cl)CeH2-1,2-  I# 168 ids ss 183¢ 
2,5-CH3(Cl)CeH--1,3- I* 108 ee ea 188¢ 
4,5-CH3(Cl)CeH,-1,3- I* BB ee Bete 180 


§,2-CH3(Cl)CeH-1,3- I4 118 sia Sat 1848 
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TABLE V (Continued) 


Aryl Group of M.P., °C. 
Di- and Tri- Reagent(s) and _ Anilide and 
sulfonyl Chlorides Reference(s) M.P., °C. Amide Reference 

5,4-CHs(Cl)CgH2-1,3- 1," IIT 85;78 —...... 183° 
6,4-CH3(Cl)CsH2-1,3- IIT | ss 
2,5-CII3(Cl)CgH2-1,4- I* 14440 oe 2458 
2,5-CH3(Br)CeH--1,3- I? 99 (dec.) >260 ....... 
5,2-CH3(Br)CegH--1,3- I? 133 >240°. 9s cae 
5,4-CH3(Br)CegH2-1,3- I+ 12 102 236-238 1946 
§,2-CH3(I)CeH2-1,3- 19 143 130-1382(2) sw. 
4-C2H;CsHs-1,3- ys Oil 186-190 is 
2-CH3CeHe-1,3,5- I,* III 153 >3800  — .....e. 
2,4-CIIs(Cl)CeH-1,3,5- III'* WG 82 khdewnee eee 


1 Gnehm and Forrer, Ber., 10, 543 (1877); Fallberg, Am. Chem. J., 2, 183 (1880). 
2 Pollak, Heimberg-Krauss, Katscher, and Lustig, Monatsh., 85, 358 (1930). 

3 Pope, J. Chem. Soc., 78, 776 (1898). 

4 Wynne and Bruce, thid., 78, 743, 758 (1898). 

5 Klason, Ber., 19, 2888 (1886). 

6 Wynne and Bruce, J. Chem. Sor., 78, 739-771 (1898). 

7 Kornatzki, Ann., $31, 200 (1883). 

& Klason, Ber., 80, @56 (1877); Wynne and Bruce, J. Chem. Soc., 78, 752 (1898). 
9 Pope, thid., 78, 747 (1898). 

10 Richter, Ann., 380, 327 (1885). 

1 Pope, J. Chem. Soc., 78, 742 (1898). 

12 Hasse, Ann., 280, 205 (1885). 

18 Pollak, Fiedler, and Roth, Monatsh., 89, 184 (1918). 

M4 Clatsson, Ber., 14, 309 (1881). 

18 Troeger and Meine, Ser., 35, 1959 (1902). 

16 Pope, J. Chem. Soc., 78, 755 (1898). 

17 Suc. pour l’ind. chim. & Bale, French pat., 825,728, C.A., 88, 6667 (1938). 

38 Mills and Clark, J. Chem. Soc., 175 (1936). 

19 Rieaz, Berndt, and Hitachmann, Monatsh., 80, 328 (1928). 


TABLE VI 
DIALEYLBENZENE DERIVATIVES 
M.P., °C. 
Aryl Group of Reagent (s) and Anilide and 
Sulfonyl Chloride Reference(s) M.P., °C. Amide Reference 
A. o-Xylene Derivatives 

2,3-(CHs)2CeHs- I! 47 a cy Are or errs 
2,3,4-(CH3)2ClCeHo- Te elie sacace ia is 199 kee 
2,3,4-(CHy)2BrCgHe- I" 63.5 (66. tisha’ 
3,4-(CH3)2CeHs- J* 51-52 144 Syesikiese 
4,5,2-(CH3)CICgHe- Ih heen 2070 es 
4,5,2-(CHs)sBrC¢. He- Te Ne aia 213) | ihc ene 
4,5,3-(CHs)2BrCsHe- I' 85.5 W915 heed os 
3,4,2-(CHs)2(O2N) CeHe- Te a aes 7) errr 
4,5,3-(CHs)2(O2N)CeH2- I‘ 69-70 TSO" adie 


4,5,2-(CHs)2(O2N)CeHe- De ehedicdenaoifinrece 157-158 wwe 
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TABLE VI (Continued) 
M.P., °C. 
Arvl Group of Reagent (s) and Anilide and 
Sulfony! Chloride Reference(s) M.P., °C. Amide Reference 
B. m-Xylene Derivatives 
2,6-(CH3)2CeH3- Tr 39 5: Sr 
2,6,4-(CH3)eClCgHo- Is 56-58 191-192... 
2,6,3,5-(CH3)2CleCgH- J ad >250 sg. eee 
2,6,3-(CH3)2BrCeH,- TW gawacdeas M6000 kaha cas 
2,6,3,5-(CII3)2BraCeH- Ji 107 220, © uaksbyedandiars 
2,4-(CH3)2CeHs- I," III 34 138-1389 6... 
2,4,5-(CH3) 2CICsH- Te eee ceieny 196° * Becaseean ed 
2,4,3,5-(CH3)2CloCgH- TR rie saadecgeg S300: Leaedesds 
2,4,5-(CH3)2BrCeH2- Ju 62-63 189-190 152% 
2,4,3,5-(CH3) 2BreCeH- TE aca sans >300 3s... ae 
2,4,5-(CH3)2ICgH2- ys 73 176 153% 
2,4,3,5-(CH3)eI2CeH- ys 85-87 242-245 dw... 
(dec.) 
2,4,3-(CH3)2(O2N)CeH2- ys 96 V72 Aa dacses 
2,4,6-(CH3)2(O2N)CeH- ys 97 108; as Hace 
2,4,5-(CH3)2(O2N)CeHe- Js 9 98 W799 ideeeneeye 
2,4,3,5-(CH3)2(O2N )2CeH- [™ 2 123 193 154” 
2,4,5,6-(CH3)2(O2N)oCeH- [1s 117-118 158 lk eee 
3,5-(CH3)eCeH3- [i 23 94 135 119% 
3,5,2-(CH3) 2BrCeH2- I” 75 158 1793 
C. p-Xylene Derivatives 
2,5-(CH3)2CeH3- I," TI's 24-26 147-148 wg... 
2,5,4-(CH3)eClCgHe- TTS | saivann eva sqade sewage ag tena ee es 
2,5,3,4-(CH3)2ClyCgH- I# 62 201; wedaaeae 
3,6,2,4-(CH3)2CleCeH- Ie 81 W560 ashelg nie 
2,5,3,6-(CH3)2CleCeH- 1% 71 WE eee 
2,5,4-(CH3)2BrCeH- ise 77-78 200-201. ww... ss 
2,5,3,6-(CH3)2BreCeH- q” 78-79 198 ae Naas 
3,6,2-(CH3)2(O2N)CeHo- ITI «4 109.5-110.5 191-192 182-183% 
2,5,4-(CH3)2(O2N)CeHo- II 74.5-75.5 197-198 131% 
2,5,3-(CH3)2(O2N)CeHo- II,* III“ 60-61 172-173 143-144% 
D. Methylalkylbenzene Derivatives 
2,5-CH3(C2H¢)CsH3- 1% +3 (6 ror re 
5,2,4-CH3(C2Hs) BrCsH- J Oil V4B leds 
2,4-CH3(n-C3H7)CeH3- I W750} headed eee ats 
2,5-CH3(n-C3H 7)CsH3- TH. “ed Sega tectees 101-102)... 
5,2-CH3(n-C3H7)CeH3- vata anus cate’ 112-1138) 
3,4-CH3[(CH3)2C H]C.H3- TH eee yaad 9000 bbe eeas 
4,3-CHa[(CH3)2CH]CeH3- Te ittanghoualages M05 8 o.bal eed 
4,2-C H3[(CH3)2CH]CeH3- TB anaacbshers W620 saint. 
4,2,5-CH3[{(CH3)2CH]BrCeH.- Te Be on te W705 jesse deen 
2,4-CH3[(CH3)2CH]C.H3- J» Liquid 75-75.5 cee eee 
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TABLE VI (Continued) 


MLP., °C. 
Aryl Group of Reagent (s) and Anilide and 
Sulfony! Chloride Reference(s) M.P., °C. Amide Reference 
D. Methylalkylbenzene Derivatives (Continued) 

2,4,5-CH3[(CH3)eCH]BrCgH:- Tee sineceedtehaatns 162% vay getehadt 
2,5-CH3[(CH3)eCH]CeH3- Tj? @? ol. 115-116 ww. 
5,2,4-CH3[(CH3)2CH]CI]CsHe- 1% 65 190 178” 
5,2-CH3[(CH3)2CH]CeH3- TH aw be eardts 150i ee eee 
2,5,4-CH3[(CH3)2CH]CICeH:- [I ®%: 37 64 168 kee eee 
2,5,4-CH3[(CH3)2CH]BrCeH2- V8. Ae daub ents 1525 0 <iadeees 
2,5,38-CH3[(CHs)2CH](OgN)CgHe- I i eee 138-189 ww... 
2,4-(CH3) ((CH3)3C]CeH3- Te hath bass 94-95 ~—s....... se 
2,5-CH3(sec-C4H 9)CeH3- ys B.p. 162-164 ......... 1255 

(12 mm.) 
2,5~CH3(C4Ho) CeH3- DL 2 eee V3 nee eres 
2,4-(CH3)(sec-C4H 9) CeHs- Js Bop. 164-165 ......... 1218 

(11 mm.) 

E. Ethylalkylbenzene Derivatives 

3,4-(CoH5)2CeHs- Tg hoe ot VIO 66 + Seawaee cs 
2,4-(CoH5)2CeH3- TB io eee oaiale 101-102... 
2,5-(CoHs5)2CeHs- T3.8 bhee batgnaeas O75 magth4a rete. 
2,5-CoH5(n-C3H 7)CeHs- Tete. eh ates 112-118 iw... ss. 
2,5-CeH,(i-C3H7)CeHs- J# B.p.158(10 ......... 1104: 42, 50 

mm.) 

F. Disulfonyl Chlorides 

1,2-(CH3)2CgHe-3,5- II 19 Reh Pa deasee 1995 
1,38-(CH3)2CeHe-4,6- J, [J 4 8 128-131 248-249 3 ........, 
1,3-(CH3)2CeHo-2,4- Js: 43 Liquid 228-224 ww. eee 
1,4-(CH3)2CeHe-2,5- Ty. « 164 310 2235 
1,4-(CH3)eCeHe-2,6- 1,# [> 4 81 Qy 297 1748 
1,4-(CH3)2CeH2-2,3- TH*® 4 kee te 142 lata es 


1 Moschner, Ber,, 34, 1261 (1901). 

3 Simonsen, J. Chem. Soc., 108, 1148 (1913). 

3 Kroger, Ber., 18, 1757 (1885). 

4 Stallard, J. Chem. Soc., 69, 809 (1906). 

5 Jacobsen, Ber., 10, 1012 (1877). 

$ Jacobsen, Ber., 17, 2374 (1884). 

7 Moody, Chem, News, 88, 21 (1888). 

§ Klages, Ber., 89, 311 (1896). 

® Koch, Ber., 88, 2319 (1890). 

1 Jacobsen and Weinberg, Ber., 11, 1535 (1878). 

11 Jacobsen, Ber., 11, 20 (1878); Ann., 184, 187 (1877). 

¥ Jacobsen, Ber., 18, 1761 (1885). 

18 (a) Weinberg, Ber., 11, 1063 (1878). (b) Moody, Chem. News, 88, 60 (1892). (c) Nélting and. 
Kohn, Ber., 19, 139 (1886). n 

14 Jacobsen, Ber., $1, 2825 (1888). 

15 TSh! and Bauch, Ber., 86, 1106 (1893). 

% Tbh! and Eberhard, Ber., 36, 2042 (1893); see also Iles and Remsen, Ber., 11, 229 (1878). 

17 Moody and Nicholson, J. Chem. Soc., 87, 977 (1890). 
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18 Claus and Schmidt, Ber., 19, 1421 (1886). 

19 Chem. Fabr. von Heyden, German pat., 83,997, Frdl., 4, 39. 

20 Karslake and Morgan, J. Am. Chem. Soc., 80, 829 (1908). 

21 Limpricht and Gronow, Ber., 18, 2192 (1885). 

3 Junghahn, Ber., $8, 3755 (1902). 

33 Armstrong and Wilson, Chem. News, 88, 46 (1901). 

™ Karslake and Huston, J. Am. Chem. Soc., 36, 1246-1254 (1914). 

2% Defren, Ber., $8, 2649 (1895). 

36 Claus and Stitsser, Ber., 18, 901 (1880). 

? Widman, Ber., 84, 446 (1891). 

33 Sprinkmeyer, Ber., 84, 1954 (1901). 

2% Kelbe and Czarnowski, Ann., $86, 276 (1886); Ber., 17, 1747 (1884). 

% Kelbe, Ann., $10, 34 (1881); Spica, Gazz. chim. ttal., 18, 552 (1882). 

31 Kelbe and v. Czarnowski, Ann., 888, 276 (1886). 

32 Roderburg, Ber., 6, 669 (1873); Bechler, J. prakt. Chem., [2], 168 (1873); Berger, Ber., 10, 97€ 
(1877); Kelbe, Ber., 19, 1969 (1886). 

43 Kelbe and Koschnitsky, Ber., 19, 1731 (1886). 

% Errera, Gazz. chim. ital., 19, 537 (1889). 

% (a) Pollak and Meissner, Monatsh., 80, 237 (1928). (2) Pollak and Lustig, Ann., 488, 191 (1923). 

36 Jinger and Klages, Ber., $9, 315 (1896). 

37 Carrara, Gazz. chim. ital., 19, 170 (1889). 

3 Voswinkel, Ber., 81, 3500 (1888). 

39 Remsen and Noyes, Am. Chem. J., 4, 200 (1882). 

40 Kelbe and Baur, Ber., 16, 2560 (1883); Baur, Ber., $4, 2834 (1891). 

41 Widman, Ber., 88, 3085 (1890); $4, 458 (1891). 

42 Klages and Keil, Ber., 86, 1641 (1903). 

43 Holleman, Choufoer, and Alozery, Rec. trav. chim., 48, 1075 (1929). 

44 Holleman, Anales soc. espaft. fis. quim., 87, 473 (1929); C.A., 84, 85 (1930); see also Choufoer, 
C.A., 19, 2195 (1925). 

48 Wahl, Compt. rend., 300, 936 (1935). 

# Kuan, J. Chem. Soc. Japan, 68, 473 (1931); C.A., 86, 5081 (1932), 

47 Le Févre, J. Chem. Soc., 1501 (1934). 

48 Pollak and Schadler, Monatsh., $9, 144 (1918). 

49 Klages and Kraith, Ber., $8, 2555 (1899). 

50 yon der Becke, Ber., 98, 3194 (1890). 

5! Pollak, Heimberg-Krausa, Katscher, and Lustig, Monatsh., 68, 358 (1930). 

827. G, Farbenind, A.-G., British pat., 281,290, C.A., 88, 3417 (1928). 

83 Shoesmith and McGechen, J. Chem. Soc., 2231 (1930). 


TABLE VII 
POLYALEYLBENZENE DERIVATIVES 
Aryl Group of Sulfonyl Reagent and 
Chloride Reference(s) M.P.,°C. M.P. of Amide, °C 
2,3,4-(CH3)sCeH2- Pe, ceskatuandic 195-196 
2,3,6-(CH3)sCeH2- Te ssc. Sa sega 113 (impure?) 
2,3,6,5-(CHs)3F CeH- Is 36-37 174 
2,3,6,4-(CHs)sBrCeH- Wee. ua tuscan 158 
2,3,6,4,5-(CH3)sBrzCe~ Te. aie haste 250 (decomp.) 
2,4,5-(CHs)3CeH2- Is 61-62 181 
2,4,5,3-(CHs)sBrCeH- Te * ate eidnenn 187-188 
2,3,5-(CH3)sCeH2- Js. 40 a vave $85 178-179 
2,3,5,4-(CH3)sBrCaH- Dr fe 194.5 
2,3,5,6-(CHs)sBrCaH- J3- 40 Pgh each 183-184 
2,3,6,5,4-(CHs)sF ClCy- co Tree 171° 
2,3,6,5,4-(CH3)3F BrCe- We Ata tudtaieeet 149 
2,4,6-(CH3)sCeH2- Js & 758 57 141-142 


2,4,6,3-(CHs)sICeH- It veh sam 156 
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TABLE VII (Continued) 


Aryl Group of Sulfonyl Reagent and 
Chloride Reference(s) M.P.,°C. M.P. of Amide, °C 

4,5,2-(CH3)2(CoHs)CaHe- Teo sdbtein gs 126 
3,6,2-(CH3)o(C2H5) CoH2- Pk justia’ 117 
2,4,5-(CH3)2(CoHs)CgHe- Tee auibtesss 148 
2,6,4-(CH3)2(CoH6) CeHe- eee a at 128 
2,6,4,3-(CH3)2(C2H;) BrCsH- TO + atinatie g 156 
2,4,6-(CH3)2(CoHs)CeHe- Te eae 116-117 
2,3,4,5-(CH3)4CeH- Te tastes eetealed 187 
2,3,4,6-(CHs)4CgH- Jee eee 118 
2,3,5,6-(CH3)4CeH- ju 99 155 
2,3,5,6,4-(CH3)«ClCo- I4 53-54 180-181 
1,3,5-(CH3)3CgH-2,4-di- [M+ 28+ 28 125 244 
1,3,5,6-(CH3)3(O2N)Ce-2,4-di- Tir 198-199.5 cee eee eee 


1 Jacobsen, Ber., 19, 2517 (1886). 

3 Jacobsen, Ber., 19, 1223 (1886). 

3 (a) Schreinemakers, Rec. trav. chtm., 16, 418 (1897). (b) Radloff, Ber., 11, 32 (1878). (c) Anschits, 
Ann., 236, 184 (1886). 

4 (a) Kelbe and Patbe, Ber., 19, 1551 (1886). (5) Jacobsen, Ber., 228, 1585 (1889). 

8 Téhl and Miller, Ber., 26, 1110 (1893). 

¢ Holtmeyer, Z. Chem., 686 (1867). 

7 Hall and Remsen, Ber., 10, 1040 (1877). 

§ Jacobsen, Ann., 184, 185 (1877). 

® Toh] and Eckel, Ber., 26, 1102 (1893). 

10 Téhl and Geyger, Ber., 26, 1538 (1892). 

11 Jacobsen, Ber., 18, 1854 (1882). 

12 Jacobsen and Schnapauff, Ber., 18, 2843 (1885). 

33 Téhl, Ber., 86, 2760 (1892). 

14 Holleman, Analea aoc. eapafi. fis. quim., 27, 473 (1929); Holleman, Choufoer, and Alozery, Rec. 
trav. chim., 48, 1075 (1929). 

15 Backer, tbid., 84, 544 (1935). 

16 Steinkopf ef al., J. prakt. Chem., [2] 117, 1 (1927). 


TABLE VIII 
Pxeno, DERIVATIVES 
Reagent(s) MLP., °C. 
and Anilide and 
Aryl Group of Sulfonyl Chloride Reference(s) M.P., °C. Amide Reference 
Monosulfonyl Chlorides 
2-CH;0CsHy- Ji. 2 & 55-56 169-171 1618 
2-CoHeOCsHi- J. 3 4 65-66 156-163 158" 
2-CH;COOCsH.- Ie TB-T4 ns aeacae 106-1074 
2HOCsH ey ln te eee beeen eee pete e eee 1238 
3-HOCsHi- y# Ol OS! Caketesehem Gas ieaete 
3-CH;0CsHc- ye (Bp. 156-128  — ......00.. 
160 (20]) 
3-C2H,OCsHy- Je? 38 128-131 ggv 
3-n-C3H70CeHy- Ti | kgsahetee 122) aed 
89-90" 


3-C2HsOCO2CeHe- 1 5) 
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TABLE VIII (Continued) 
Reagent(s) MLP., °C. 

and Anilide and 

Aryl Group of Sulfonyl Chloride Reference(s) M.P., °C. Amide Reference 
Monosulfonyl Chlorides (Continued) 
4-CH;0Ce6He- I, 5 % 6 J 42-43 110-111; 110-111% 
113-116 
4-C2H ;OC,H,- J,*% 0 TI% 37-39 149-150 8410 
4-n-CsH7OCeHu- JIM °° Scotties 116-117) wee 
4-n-C4H sOCeHe- TI hes 108-104 —ixwidd ss. 
4-CH3;COOC.H,4- y# y | - er eer ee 126-1278 
4-CsHsCOOCsHa- ju 115-116 2384236 3 ........... 
4-CoH;OCO2CsHa- ys y (5 re ae 102“ 
5,2-F(CH30)CsHs- We , WANTS) ~ racsceig 
5,2-Cl(CH30)CsH3- I, II & 104 154; 150-151 .......... 
5,2-Br(CH30)CeH3- TI% © gk geet 147-148) we. 
5,2-Cl(C2H50)CeHs- TT tea dey 184-134.5 ow... 
5,2-Br(C2H,O)CsH3- D0 Ce rea 144-144.5 0. ... on, 
3,4-Cl(CH30)CsH3- J,” II“ 81-82 130-1381 ww ee. 
3,4-Br(CH30)Ce6Hs- NI 0 vende 1390-140). 
3,4-Cl(CaIIg0)CeHs- WI santas 132-188 iw. wwe 
3,4-Br(C2Hs0)CeHHs3- 1) (nr ere 134-185 ix... 
3,5,4-Bro(HO)CsH2- [22 13, 4 127-128... we 1778 
3,5,4-(O2N)2(HO)CeHe- TO 8 eee ater auGnd wares 177” 
2,4,6,3-Br3(CH30)CeH- jz 57.2-58.2 176.6-178 1607 
2,4,6,3-(O2N)3(HO)C6H- II* 161-162) Atdcveauet aunties: 
3,4-(O2N) (CH30)CeH3- J, 1 66 146° od aN ad 
4,2-CH3(HO)CeH3- y's OW etait baa ee 
4,2-CH3(CH30)CeH3- J« 79 167-168 1426 
3,2-CH3(CH30)CsH3- ya Oil 143-144 x... 
4,3-CH3(CH30)CeH3- yp" Solid (01?) 128 
4,3-CH3(C2H;0)CeH3- J's “Tables”? 187  .......... 
2,3-CH3(CH30)CeHs- J's Oil 164-0 lien dawwits 
2,6-CH3(CH30)C.H3- I 51-52 127-128 131-132 
3,5-CH3(CH30)CsH3- I« 47-48 118-119) ww. 
3,4-CH3(CH30)C.H3- WI# cb eee DS y ore tO 
3,4-CH3(C2H60)CeH3- TI hdres 148-149)... ee 
3,4-CH3(n-CsH gO) CeHs- VI@: 2. Mekavseedl ees 95-96 is. eee 
2,4-CH3(CH30)CeHs- I “*H,* 23 129-130 104 
III* 

2,4-CH3(C2H.0)CeHs- We  - sharhewte’ 110-111) iw. es 
2,4-n-CsH7(C2Hs0)CeH3- | | nore eso BE ed dts Re 
2,4-CH3(C2Hs0CO2)CeHs- II“ Oih. °° + Vibes 1494 
3,5,4-CHa(Br) (HO)CeHe- I Ye 165-166" 
3,5,4-CH3(Br)(CHsCOO)CsH2- =I® V3) aathyutamcnvcae chats oe a-hare 
2,5-CH3(CH30)CeH3- J» 2 Oil 150-151) iw. ee. 
2,5-CH3(C2Hs0)CeHs- Ja!» 2 28 Oil 143-144 de, 
5,2-CH3(CH30)CeHs- [, 24538) -28 83-84 180-181,182 .......... 


II & 


Aryl Group of Sulfonyl Chloride 
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TABLE VIII (Continued) 


Reagent /(s) 
and 
Reference(s) M.P., °C. 


Monosulfonyl Chlorides (Continued) 


5,2-CH3(CaI1s0)CelI.- T“II® = 1... 
5,2-CHa(n-C3II70)Cells- 90 re etree 
§,2-CIIg(CIIsCOO)CeI1a- 8 55-5 
5,2-CI13(C2Hs0CO2)CeH3- TS Oh ce 
5,2-n-C3I17(CH30)CgH3- [8 Oil 
5,2-n-CglI7(CotIs0)CelI3- FA tS Saag gk 
§,2-t-C4 lI 9(CII3 COO) CoH I# 103 
§,2-¢-CgI1y,(CHgCOO)CeH3- [#8 (B.p. 142- 
146 (14}) 

5,3,2-CH3(Br)(OH)CgII2- Jo? TI 94-95 
§,3,2-C113(Br) (CII3;COO)CeII,- TIT? 84-85 
5,3,2-CII3(O2N) (HO)CgHe- I 86-87 
§,3,2-CI13(O2N)(CH;COO)CeglIo- I? 101.5 
3, 4-(CH30) oCeII3- I, 6 TIS. 8 765 
4,3-C2H;,O(CII30)CelI3- I* 72 
3,4-CeH;,O(CII30) Cel I3- 1% 102-103 
3,4-(Col150) 2CeHs- JI (hh ees 
2,4-(CII3;O) 2CelI3- 1, T1% 70.5 
2,4-(C2II,0)eCgII3- TI6 Seay toatetes 
2,5-(CH30)2CeH3- TI > | fet iewhensies 
2,5-(Col{50) oCelI3- TT eee 
3,5-(Cel 15 COO) oCelI3- Ié 105 
2,3,4-(CH30)3Celo- TT@  ixcectcenn a's 
2,3, 5-(CI130) 3CelIe- 18 98 
2,4,5-(CII30) sCeIIo- Ie 130 
4,5,2-(CII30)2(O2N)CeH:- TI1® 128 
4,5,2-(CII30)2(NO)CgHe- js 132 
2,4,5-CH3(CH30)oCeFo- 18378 75 
2,4,5,6-CH3(CH30)2(O2N)CeH- —III78 141 
3,5,2-(CH3)2(HO)CeH2- Il 93 

Di and Trisulfonyl Chlorides 
1-HOC.Hs3-2,4- L139. 30s: 37 89 
1,2-HO(CH3)CeH2-4,6- [4 37, 40 85-86 
1-CH;0C,.H;-2,4- I,5 #116 86 
1-C,Hs0Ce6H3-2,5- I# 106-108 
1-C,H;O0CeH3-2,4- Ir 104-107 
1-CHsCOOCe6H3-2,4- IlI* 91 
1,3-CH3(HO)CeH2-4,6- 1,* II 3 0 84-89 
1,3-CH3(HO)CeH-2,4,6- II” 151 
1,3-CH3(CH30)CeH2-4,6- I 111-112 
1,3-CH3(CH3COO)CeH--4,6- IlI® 109 
1,2,3-CH3(O2N) (HO)CeH-4,6- II]* 183 


1,2,3-CH3(CH30) (O2N)CeH-4,6- I* 


147-148 


477 


M.P., °C. 
Anilide and 
Amide Reference 
138-189 ws. ee 
126-127) we. 
ie indee Renee 126% 
133" haste atiscs 
97-98 ke eee 
205-210 217 
Moalieuwte ee 141.5 
136-137 131-1328 
W925 8° watosschatelare 
166.6 © edadce dyes 
162-1638 ww. wee 
166-167) wee, 
184-185 —iwdg cee. 
1448 eee ae 
154-155 wee 
123-124 «se. 
6 170 
132 end as 
198-201) iw... eee 
VOU" Sty eacevcens 
a ei aedenlelete 205 
Aah pen oak 15437) 40 
239-240 209 
288 -- ——wkadaate garanbiece 
veccece een 18540 
259-260 wc ees 
Scola Nat 212-215 
230° 5 © © 4 .0ehdveadies 
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TABLE VIII (Continued) 
Reagent (s) M.LP., °C. 
and Anilide and 
Ary] Group of Sulfonyl Chloride Reference(s) M.P., °C. Amide Reference 


Di and Trisulfonyl Chlorides (Continued) 


1,4-CH3(OH)C.H:2-3,5- I, 11% 105 kk ee ee 231778, 
12937. © 
1,4-CH3(CH3COO) CeH:2-3,5- I, #7777 8115-121 ww... 105-110 
1,2,3-HO(CH3)2CeH-4,6- IT 104-105 jw... ss, 232 
1,3,4-HO(CH3)2CeH-2,5- II TD ewvennbenabedod 160 
1,2,5-HO(CH3)2CeH-3,6- II* BBia- eth ait 173° 
1,3,5-HO(CH3)2CeH-2,4- TI? 89-91 Boos bate wahde 160-161" 
1,3,5-HO(CH3)2CeH-2,6-(?) TI? W7-119 we. 205-207 
1,2-HOCsH2(COOH)-4,6- II® W850 eg PAS awe) eae 
1-HOC6H:-2,4,6- TI 37 193° - wets 24737 
1,3-CH3(OH)C.H-2,4,6- TI*> 30 37 TOU 66 yacraleweerns 290 (dec.) 
1,2-(HO)2CeHe-3,5- TI) 149-150 eee eae 
1,2-O2S02CsHe-3,5- JI P43! 6°. AvetePiaaota 30431 
1,3-(HO)2CegH2-4,6- II# 178-179 ww. ee, > 300 
1,3-(HO)2CeH-2,4,6- II’ 1682) ksadinatas 243% 
1,4-(HO)2CeHe-2,6- TI“ 1138-114 oe. 170-1719 
1,3,5-(HO)3CeH-2,4- lJ @ 18400 eee saw dus 295 (dec.)4 
1,2,3-(HO)3CeH-4,6- II® V7B (OCs). - icaved a seede  eswsere ates aides 


1 Haitinger, Monatsh., 4, 174 (1883). 
2 Franklin, Am. Chem. J., 20, 461 (1898). 

3 Moody, Chem. News, 67, 35 (1893). 

4 Gattermann, Ber., 88, 1154 (1899). 

5 Shober, Am. Chem. J., 18, 860 (1806). 

6 Delisle and Lagai, Ber., 88, 3393 (1890). 
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TABLE IX 
Sutronyt Catormes or Aromatic AMINES AND DERIVATIVES 

M.P., °C. 
Reagent (s) Anilide 
and M.P., and Ref- 
Aryl Group of Sulfonyl Chloride Reference(s) °C. Amide erence 

4-CH;,CONHC.Hy- I,! IT? 5 149 219 2141 

4-CICHsCONHC.He- Ire 112 216 1871 
4-C:HsCONHCsHy- 4 113 226 .6-227.5 ........ 
4-n-C3H7;CONHCsHe- Hu 120-121 236-237  ........ 
4-iso-CsH7CONHC,.Hg- I 131-132 248-249 Ca ts 
4-n-C,HseCONHC;Hy- TT 115-116 209-210 eee 


4-is0-CsH »CONHC.H,- Tm 120-121 .......... ea et as 
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TABLE IX (Continued) 
M.P., °C. 
Reagent(s) Anilide 
and M-P., and Ref- 
Aryl Group of Sulfonyl Chloride Reference(s) °C. Amide erence 
4-CeH;CONHC.Hs- qT VG > | eeektend daa! Sead ear 
4-CeH ;SO2.NHCeHy- Ti WU valedeeaded Gee ek 
4-C2Hs;0CON HCeHs- I" 103 241-242 iw. 
4-CHsCONHCONHC¢H,- II 192-193 246-247 3=—s......... 
4-(CH2CO)2NCeHa- TTB akads 234-2388 Sixx 
4-CH3CO(CH3)NCeH,- I" 1B6H18 ls eens pedir nt 
4-CH3CO(C2Hs5) NCeHa- 4 142-143? ei oeaee. a whied ess 
3-(CH3)2NCeHy- II* BB) | SaethuadtiBes caiacesees 
4-(CH3)2NCeHa- Il* 1OB=TL es td ee Maes 
2,5-Cl(H2N)CeH3- Vt | analibass dors Gale cards Bam eo ESS ee 
5,2-O2.N (H2N)CeH3- FUE Seed Abeta ac natne Ie seats ances 
3,4-O2.N (H2N) CeH3- Ih 6 2 Rie 6 eae ane a 
3,4-O2N (CHsCONH)CeH3- III 104 6  —........ 
4,3-(CH30)(CHsCONH)CglI33- JI4: 6 2 149-152 226 iw 
4,3-(C2Hs0) (CHsCONH)CeH3- I]? 120% eee Gree it. gure netels 
2,5-(C2Hs0)(CHsCONH)CeHs3- Ils 138 wee 182-1833 
4,3-(CH30)(C2HsOCONH)CeH3- II? 124° © favswh cept” Sathhones 
2,3,5-(CH30) (O2N) (CHsCONH)CeHe- II]! 136i leaden acted: 
2,4,5-(CH30) (O2N) (CHsCONH)CeH2- TIT 15200 dah ocd vag icens 
4,3,5-(CH30)(O2N) (CHsCONH)Celf2- III# LOB.” » octave had’ _ coucten ent 
4,6,3-(CH30) (02N)(CHsCONH)CeH-2- TS 175 esa liaead. Seas avn: 
4,6,3-(CoHs0)(O2N)(CHsCONH)CeHo- = TTT**# 1820 eee eee ee 
4,6,3-(CH30)(OoN) (CesHsCONH)CeH2- _—iIII* 220 shot haan, catty een 
4,6,3-(CH30)(OoN)(3-OzNCgHsCONH)- ITI? A708.) kirk Gla ele 
CeHe- 
4,6,3-(C2Hs0)(O2N) (8-O2NCsHsCONH)- III”! 162" * “wits eeieGrdn aware dies 
CeHe- 
2,4,5-(CH30)2(CHsaCON H)CeH>- II” VZBi WoL tetecina te anette 
2,5-(CH3) (CII;CONH)CeH3- Wha hd wate Che, eee dhan 
2,4-(CH3) (CHsCONH)CeHs- « HY 98 2020 hee eee 
2,4-(CH3) (CHsCONHCONH)CeH3- II 199-201 226-227 _—_............ 
5,2-(CH3) (CH3CONH)CeH3- I] 8 125 242 edad 
4,3-(CH3) (CHsCONH)CeH3- Ts 22 142,144 228 = =—iw. sss 
5,2-(CH3) (CICH:CONH)CceH3- II" 87 231-00 het 
3,4-(CH3) (CH3;CON H)CeH;- qT» 159° tekadiaone aibeenad 
3,4-(CH3) (CHsCONHCONH)CeH3- IT 197-199 231-233 =... 
4,3-(CH3) (CH3NH)CeHs- Il? 99-100 6... eee eee eee 
4,2,5-(CH3) (Cl) (CHs3CONH)CeH2- II 180). eameatinnd. JahGa Dick 
4,2,5-(CH3) (CH30)(CHsCONH)C.H2- II® 166 iahatete tu. “abe 
2,3,5-(CH3) (OoN) (HoN)CeHe- I» >260 280 deans 
4,6,3-(CH3)(O2N)(CHsCONH)CeH>- III" T58-  Sieleas din, Soke sas 
4,6,3-(CH3) (O2N) (3-O2NCeHsCONH)- DTT TOR: wate aed a> we diets 
CeHe- 
2,5,3,4-(CH3) (CHs0)(OaN)(CH3CONH)- I]# 175: aaa a Sad eee es 


CeH- 
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M.P., °C. 
Reagent(s) Anilide 
and M.P., and Ref- 
Aryl Group of Sulfonyl Chloride Reference(s) °C. Amide erence 
2,5,4-(CH3)2(CH3CONH)CeH2- II* W6Q)  wtade dred teenie os 
2,4,5-(CH3)2(CHsCONH)CyH-- II? T4q-° wei teeta. ee Siseas 
2,5,3,4-(CH3)2(O02N)(CH3CONH)CeH- TJ? 178 sender eves OES cere heats 
2,4,6,3-(CH3)2(O2N)(CH3CON H)CeH- TIT ™ 187 250. A ice 
Di and Trisulfonyl Chlorides 
1,4-(CH3)(H2N)CeH:-3,5- I = 156 257 1928 
1,4-(CH3) (CH3;CONH)CyH-2,5- IDs 125° Soe Snieeegh ALiabess 
1,4-(CH3) (CICH,CONH)C,sH--2,5- IIT'8 TISR119 8. acizcaene areas 
1,2-(CH3)(H2N)CeH:-3,5- Tp 158. 0 6 bea anes 
1,3-(H2N)sCeH2-4,6- ITs 274-275 187 2368 
1-H2NCgIIz-2,4,6- II8 175 291 2408 


1 (a) ‘Schroeter, Ber., $9, 1563 (1906). (b) Gelmo, J. prakt. Chem., {2} TY, 369 (1908). (c) Pence 
and Winter, J. Am. Chem. Soc., 61, 2977 (1939). 

3 Stewart, J. Chem. Soc., 181, 2556 (1922). 

3 Johnson and Smiles, ibid., 128, 2384 (1923). 

4 Fischer, Ber., 84, 3798 (1891). 

5 Goslich, Ann., 180, 103 (1875). 

§ Holleman, Ree. trav. chim., $4, 31 (1905). 

71, G. Farbenind. A.-G., French pat., 690,112, C.A., 88, 973 (1931). 

8 Lustig and Katecher, Monatsh., 48, 87 (1927). 

* Schweitzer and Burr, German pat., 532,399, C.A., $6, 3262 (1932); U.S. pat., 1,939,025, C.A., 88, 
1362 (1934). 

10 Jacobs and Heidelberger, J. Am. Chem. Soc., 89, 2429 (1917); Pollak, Pollak, Riesz, and Wittels 
Monatsh., 88, 118 (1931). 

1! Adams, Long, and Johanson, J. Am. Chem. Soc., 61, 2342 (1939). 

12 Adams, Long, and Jeanes, ibid., 61, 2346 (1939). 

13 Kermack, Spragg, and Tebrich, J. Chem. Soc., 608 (1939). 

14 Comp. nat. de mat. col., German pat., 646,639, C.A., $1, 6899 (1937). 

15 Goldyrev and Postovskii, J. Applied Chem, (U.S.S.R.), 11, 316 (1938). 

16 Child, J. Chem. Soc., 715 (1932). 

17 Soc. pour l'ind A Bale, Swias pat., 162,735, C.A., 88, 2730 (1934). 

18 Rieas, Pollak, and Wittels, Ann., 487, 264 (1931). 

13 Child and Smiles, J. Chem. Soc., 2696 (1926). 

% Hirwe and Jambhekar, J. Indian Chem. Soc., 11, 239 (1934). 

21 Comp. nat. de mat. col., French pat., 755,667, C.A,, $8, 2196 (1934); French pat., 782,126, C.A., 
88, 7092 (1935). 

321. G. Farbenind. A.-G., French pat., 742,361, C.A., 87, 3619 (1933). 

% Cox, J. Am. Chem. Soc., 68, 744 (1940). 


TABLE X 
DenaivaTives oF CaAnBoxytic AcIpDs 
Reagent(s) M.P., °C. 
and M-P., Anilide and 
Sulfonyl Chloride Reference(s) °C. Amide Reference 
1,2-CgHa(COOCH3)S0.Cl TIP? GBo 8 eG Bese ashe Geatecls 
1,2-CeHy(COOC¢Hs)SO2Cl TIT = 108-104... 22. wee eee 
1 »2~CeaH«(COOCsHiCHs3-e) so.Cl III*# V2 OO dees Hater Aa Ge os 


1,2-CgHs(COCI)SO2C1 Te 100 40000 nae eee 194-1954: & & 45-4 
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TABLE X (Continued) 
Reagent(s) M.P., °C. 
and M-P., Anilide and 
Sulfonyl Chloride Reference(s) °C. Amide Reference 
CCl. 
1 2-Calle So Te: YG A 
a 02 
1,2-CsH,(CN)SO.Cl J%. 1-17 68-70 160 150-1528 
4,1,2-BrCsH,(COCI)SO2Cl yu 89-90 .......... 238-2391" 
CCl 
4,1,2-BrOsHi< So 
SO2 Js 99-100 week cee eee 
4,2,1-BrCsH3(CN)SO2Cl ys 820r90 >250 ~~... 
4,2,1-O2NCsH3(COOCH3)SO2C1 II ]}9-21 BS2orBO .....2. cccseces 
4,2,1-OoNCsH3(COOC2H,)SO2Cl 3=TIP®2 67-68 = ....... cease eee 
4,2,1-O2NCsH3(COOCsH7-n)SO2Cl IIT* TOs 8s: anes erecta: ea en ict oe 
4,2,1-OzNCsH3(COOCeHs)SO2C1 _—sC@T'T* 145-147) we eee eee 
4,2,1-O2.NCeH3(COOCsH,CHs-0)- ‘II I"* 150.> evn Sains 
SO.Cl 
4,2,1-OzNCsH3(COOCsH,CHs-p)- III 162) bitbieeed Cadseats 
S0.Cl 
4,2,1-O2NCesH3(COCI)SO2C1(?) [u-3 94-98 ....... 2222 
CCl 
4,1,2-OsNCHs Sow) Ly 
SO2 
4,2,1-OzNCsH3(CN)SO2Cl Iz 107-108 > 270 207-208 
1,3-CsH,4(COOH)SO,Cl I» # 133-1384 2383 ........ 
1,3-CsHa4(COOCHs3)SO-Cl ITT 632655 ° sesieudl. Saeewent 
1,3-CeHy(COCI)SO2Cl1 [s. # Oil 170 
(diamide)...™ 
4,1,3-Cl1CsH3(COCI)SO2C1 I" 42-43 233 219-220" 
4,1,3-BrCsHs3(COOH)SO-Cl? Iss 197 229-230 ........ 
§,1,3(?)-ClCgH3(COCI)SO2C1 TR eas Solid = ........ 
§,1,3-BrCgH3(COCI)SO.Cl I" Liquid ....... we. eee 
1,4-HOOCCeHySO2Cl lk cee cece cee ees 252-253" 
1,4-NCC,.H,SO.-Cl y» 111-112 168-169 112" 
2,1,4-O2NCsH3(COCI)SO.Cl 14 160 2260 cee ee 
2,1,4-O2N CsHs(COOH)SO.Ci I# 202 192) ee ten 
1,3,5-CsH3(COCI)(SO2Cl)2 I@ 86-87 290° sins at's 
1,3,5-CgH3(COOH)(SO-2Cl)2 TI,” III™ 183,193 ....... .....08. 
2,5,4,1-CH3(O2N)CgH2(COCI)- Ia 90 273-294 245" 
SO.Ci 
4,5,2,1-CHs(O2N)CsH2(COCI)- yx 93 or 133 ....... 195“ 
SO-Cl 
5,2,1-CHsCeH3(COCI)SO.Ci y# S90 aetisal cok eddiws 
§,2,1-CHsCeHs(CN)SO-2Cl I* OF Beale ae Seles 
2,5,1-CHsCsH3(COCI)SO2Ci | 2180r .... eee 
228 
4,1-CesH4(CHBrCHBrCOCl)SO.Cl I®* _............ 208 na ae eeee 
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Reagent M.LP., i OM 
and MLP., Anilide and 
Sulfonyl Chloride Reference(s) °C. Amide Reference 
2,5, 1-n-C3H7CegH3(COC1)SO.C1 Je« 42-43 202-208 ........ 
2,5,1-7%-C3H7CgH3(COCI)SO,Cl J@ 55-56 225k ee eee 
4,1-CeH,(CH==CHCOCI)SO2C1 TO aida 218% ees 
4,1-CsHs(CH,COOH)SO,Cl II* 136 W600 oe 
4,1-CgH,(CH==-CHCOOH)SO,C1 —iII# 226 250-260 ........ 
1,2,4~HOC.sH3(COOH)SO.Cl II" 169-171 ....... 218-2204" 
1,2,5-CH30CsH3(COOH)SO2C1 ja 149.5 QOL! ewe dee 
1,2,4-CeII3(COOH)2SO2Cl1 J# 167-170 192-202 ........ 
(decomp.) 
1,4,6-CH3;0CgH3(COCI1)SO.C1 ys 70 262 mids Sace 
1,4,6-CH3;0CsH3(COOH)SO,C1 ya W780 heey ANd ae es 
1,2,4-CeH3(COCI)sSO2CI I@ Liquid ....... Babee 


1 Basler Chem. Fabr., German pat., 124,407, Chem. Zentr., IT, 961 (1901). 
2 Cobb, Am. Chem. J., 88, 490 (1906). 

4 (a) J.ist and Stein, Ber., 81, 1662 (1898). (b) 81, 1649 (1898). 
4 Humphreys, Am. Chem. J., 20, 302 (1903). 

5 Holmes, ibid., 88, 202 (1901). 

§ Remsen and Kohler, ibid., 17, 330 (1895). 

7 Remsen and Saunders, tbid., 17, 347 (1895). 

8 Remsen and McKee, tbid., 18, 794-804 (1896). 

* Scheiber and Knothe, Ber., 46, 2254 (1912). 

0 Fritsch, Ber., $0, 2299 (1896). 

11 Remsen, Am, Chem. J., 11, 310 (1895). 

12 Wilson, ibid., 20, 371 (1903). 

13 Bradshaw, ibid., 85, 338 (1906). 

14 Sohon, tbid., 80, 271 (1898). 

18 Kreis, Ann., $26, 383-387 (1895). 

16 Jesurun, Ber., 26, 2288 (1893). 

17 Walker and Smith, J. Chem. Soc., 29, 352 (1906). 

18 Blanchard, Am. Chem. J., 30, 488-494 (1903). 

18 Chambers, ibid., 80, 388 (1903). 

% Kastle, ibid., 11, 182 (1889). 

2) Henderson, ibid., 86, 10 (1901). 

#2 Remsen and Gray, tbid., 19, 497-510 (1897). 

3 Hollis, ibid., $8, 235-239 (1900). 

34 Limpricht and v. Uslar, Ann., 106, 30 (1858). 

25 Wegacheider and Furcht, Monatsh., $8, 1118 (1902). 

%6 Limpricht and v. Uslar, Ann., 108, 250 (1857). 

7 Ullmann, Am. Chem. J., 16, 541 (1894). 

% Battinger, Ann., 191, 16, 28 (1878). 

% Roeters van Lennep, Z. Chem., 69 (1871). 

%© Remsen, Hartman, and Muckenfuss, Am. Chem, J., 18, 158 (1896). 
8 Otto, Ann., 188, 223 (1862). 

32 Hopfgartner, Monatsh., 14, 691 (1893). 

3% Karslake and Huston, J. Am. Chem, Soc., $1, 1058 (1909). 
44 Karslake and Bond, ibid., $1, 408 (1909). 

%§ Randall, Am. Chem. J., 18, 261 (1891). 

33 Badische Anilin- und Sodafabrik, German pat., 48,583, Frdl., 2, 642. 
37 Fisohli, Ber., 18, 618 (1879). 

33 Meyer and Baur, Ann., $20, 20 (1883). 

3 Moore, J. Am. Chem. Soc., 35, 622 (1903). 

@ Widman, Ber., 88, 2276-2279 (1889). 

41 Palmer, Am. Chem. J., 4, 163 (1882). 


484 


4 Rée, Ann., $88, 228 (1886). 


4 Stewart, J. Chem. Soc., 191, 2555 (1922). 
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# Hirwe and Jambhekar, J. Indian Chem. Soc., 10, 47 (1033). 


4 Remaen and Coates, Am. Chem. J., 17, 321 (1895). 
46 Remsen and Holmes, ibid., 80, 275 (1903). 
47 Remsen and Hunter, zbid., 18, 811 (1896). 


# Karslake and Bond, J. Am. Chem. Soc., 88, 1344 (1916). 


49 Bayer and Co., German pat., 276,331, Frdl., 18, 173. 


50 Soc, pour l’ind. & Bale, French pat., 825,728, C.A., 88, 6667 (1938). 


41 8hah, Bhatt, and Kanga, J. Chem. Suc., 1375 (1933). 


TABLE XI 


SuLFonyL CHLORIDES AND AMIDES oF KETONES 


Reagent(s) and M.P., M.P., °C. 
Sulfonyl Chloride Reference(s) °C. Amide Anilide 
1,2-CsHsCOCsH.SO2Cl Hr: ¢ 96-97 (Forms sultim) 143-145 
2,5, 1-(CeHsCO)(OoN)CeHgSOoCl 1,27 TTI?) 4 177 eee ee ce eee 
(3-CgH4SO.Cl),CO Js & 137-138 157 177-178 
and 121 
1,2-CsHa(SO2Cl)COCH,C! II? 8 194-195 ...... abides eek D3 
1 Remsen and Saunders, Am. Chem. J., 17, 354 (1895)., 
2 Hollis, ibid., $8, 239 (1900). 
4 Henderson, ibid., $8, 5 (1901). 
4 Norris, ibid., 24, 487 (1900). 
&§ Beckmann, Ber., 8, 992 (1875). 
8 Lapworth, J. Chem. Soc., 78, 405 (1898). 
7 Weston and Suter, J. Am. Chem. Soc., 61, 389 (1938). 
& Riess and Frankfurter, Monatsh., 80, 68 (1928). 
TABLE XII 
Derivatives oF MiscELLANEOUs Bicrciic Compounps 
M.LP., °C. 
Aryl Group of Reagent (s) M.LP., Anilide and 
Sulfonyl Chloride and Reference(s) °C. Amide Reference 
Indane and Tetralin Derivatives 
(CH2)3=CeH3-4- Te ocean 92-938 Ss... .. ee 
(CH2)s==CeH3-5- ps 45-47 135-1386 — iw. sw ws 
(CH2)4==CeH3-5- J 4 70-72 139-140 144-145? 
(CH2)4==CeHs-6- I‘ 58 135-137 wx. ws 
(CH2)4==CeH2Cl-8,7- yr Oil 193-194 =... ...... 
(CH2)4=CeH2N0O-2-5,7- | (ne rie ere WO eee 
(CH2)=CeH2NO--7,5- TS | huis 211-212... 
(CH2)4==CeH (CHs)2-6,7,5- TMS (Wiloaatar VSb: o> 6 ceeds 
(1,1-(CH3)2C4HeJ==CeH(CH3)76,7,5- I ....... 137-1388 ws ws ss 
[1 ’ 1-(CH3)¢C4He]==-CsH2(CeH;s)-6,2- 8 eh aed 129-1380 ix... 
[2,3-(CH3)oC4He]==CeHs-6- TR ees 143 (cis) ww. 
210-211 
(trans) 
(CH2)4==CeH:-5,7-di- qs 108-104) ww, eee eee 


SULFONYL CHLORIDES 
TABLE XII (Continued) 


485 


MLP., °C. 
Aryl Group of Reagent(s) M.P., Anilide and 
Sulfonyl Chloride and Reference(s) °C. Amide Reference 
Biphenyl Sulfonyl Chlorides 
2-CeHsCeH.- [2 103° kedia. view eeeae 
4-CeHsCeHu- [5 33 115 227-230 125% 
4,2-Cl(CeHs)CeH3- y* 1OQ% tke wet tot 
4-(4-OoNCegH4)CeHa- I8 178 228 182-1838 
4-(4-CII3CON HCgH,)CeHa- TI: 33 180 (dec.) 295-297 =... . ss 
(dec.) 
4-(?)-[2,5-CH3(ts0-CsH7)CeHs]CeH.- =I’ WS) 0 eed es 2097 
2,5-Cl(4-C1Cg114)CeH3- Is 194 19 ee 
4,2-Br(CeH4)CeH3- Te 35 WIGS eethealer °° et 
2,5-Br(4-BrCel]4)CeH3- I¢ 131 200 a. eee ae 
4,2-Br(3-BrCgH4)CeH3- I VBIL=$162 osecbee se Ahekaveaee 
2,5-I (4-ICgH4)CegH3- 18 157 VQQ eh Be ees 
Biphenyl Disulfonyl Chlorides 
(2-CsH,SO2C1)2 9: 9 138 > 300 157°; 1865° 
(4,2-CICgH38O02Cl)2 18 148 308 i eee 
(4,2-BrCgH3SO2Cl)2 [6 10 187-190 296 —.......... 
(4,2-ICgIIs8O2Cl)2 18 232 >400 eee 
(4,2-OoNCeII3802Cl)2 II? 202. evden eee as 
(3-CeH8O2C))2 IIIT 127-128 285 182" 
(4,3-C1CgH3SO2Cl)2 JS 3 172,179 286-287 ........... 
(4,3-BrCeII;8O2Cl)2 1,8 IIs 219 O82. nae atle ns 
(4,8-ICgH3SO02Cl)2 18 254 316 eee 
(4-CeIL4SO2Cl)2 Js 17 203 >300 cea eee 
2,4,4’-(OoNCg6Hs)(SO2Cl)CeH,SO.Cl IIIS 180-181) wee, eae 
(2,4-O2NCgH3802Cl)2 III 1666 -<. Siete? - Gabe dba 
(4,2-CH3CeII38O2Cl)2 [30 W718 we eee 
(5,2-CH3CgH3S02Cl)2 [2 228-229 >360 .......... 
(dec.) 
Miscellaneous Compounds 
4-(CgHs0)CeH4-1-SO02Cl q#! 45-46 128-129... 
4-(4-BrCgH,O) CeH4-1-SO2C1 II#: 2 81-82 131-182) ww. 
4,3-(4-O2NCegH40)(NO2)CegH3-1-SO2Cl I™ 134-136.5 188-190 =......... 
2,5-(2-O2NCgH,0) (CH 3)CeH3-1-SO.Cl I@ 182. fwapetes 1572 
4,3-[2,4-(NO2)2CeH30](NO2)CeH3-1- I 157-159 we cece ee 
so.Cl 
(4-CgH,SO2Cl)20 I]. 2 128-129 158-160 ._............ 
(4,2-BrCgH3SO2Cl)20 II 241-243 ke eee eee 
5,2-Br(4-BrCgH,O)C6H;-1-SO.Cl I 128-129) wwe eee ee 
(2,4-OgN CeH3802Cl)2S 12 195. awe | hee 
(3-CgHgSOoCl) 2SO2 IIs VIAFITS 9) eke © as diacedes 
(4,3-CHsCgH3SO2Cl) S02 II 177-178 268 3258 
[2,5,3-(CH3)2CeH 2SO2Cl},SO2 II# 190 B25. ahhanndae 
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TABLE XII (Continued) 
M.LP., °C. 


Ary] Group of Reagent (s) MLP., Anilide and 
Sulfonyl Chloride and Reference(s) °C. Amide Reference 


Miscellaneous Compounds (Continued) 


4-(2,1-HOCsoH¢-S) CeHy-1-SO2C] IJI# 10 =... 156" 
(4-CgH«SO2Cl)2CH2 ys 124 eee 178 
4(?)-[2,5-CH3(i-C3H7)CsHsCHy]- I" W349 saad eadeas 88-1037 
CglIy-1-SO2C1 

(3-CgH,SO2Cl)2CCle PS, On err ase | ith. ple, « 
1,4-(CeH;NH)(O2N)CeH3-2-SO2Cl qs 102-104 178 sis 
1,2-(CeHgNH)(ON)CgH3-4-SO2Cl ys Needles 162 XK ......... 
CO(4-NHC¢H,S0,Cl)2 TS? rss. ~ Mibseth. + hee eibes 
4-(CeHsN==N)CeH,-1-SO2C1 ys 124.4-125 224.8-225.2......... 


1 Spilker, Ber., $6, 1541 (1803). 

2 Moschner, Ber., 88, 743 (1900). 

3 Morgan, Micklethwait, and Winfield, J. Chem. Soc., 85, 756 (1904). 

4 Schroeter, Svanoe, Einbeck, Geller, and Rubensahm, Ann., 486, 83 (1922) 

& Gabriel and Deutsch, Ber., 18, 386 (1880). 

6 Gabriel and Dambergis, Ber., 18, 1408 (1880); Novelli and Somaglino, J. Am. Chem. Soc., 68, 854 
(1941), 

7 Klages, Ber., 40, 2371 (1907). 

*Courtot and Liu, Bull. soc. chim., [4] 40, 1047 (1931). 

§ Limpricht, Ann., 861, 330 (1801). 

10 Limpricht and Rodatz, Ber., 14, 1361 (1881). 

11 Schultz and Kohblhaus, Ber., 89, 3342 (1906). 

12 Helle, Ann., 870, 364 (1892). 

18 Lapworth, J. Chem. Soc., 78, 408 (1898). 

4 Beckmann, Ber., 8, 993 (1875). 

18 Fischer, Ber., $4, 3798 (1891). 

16 Schweitzer and Burr, German pat., 532,399, C.A., 36, 3262 (1932). 

17 Witt and Truttwin, Ber., 47, 2786 (1914). 

18 Chrzasrcrewska and Dobrowolski, Roczniki Chem., 17, 411 (1937); C.A., 88, 1674 (1938). 

18 Schroeter, Erzberger, and Passavant, Ber., 71B, 1040 (1938). 

22 Tozer and Smiles, J. Chem. Suc., 1897 (1938). 

31 Suter, J. Am. Chem. Soc., 68, 1112 (1931). 

2 Huntress and Carten, ibid., 88, 603 (1940). 

23 Pollak, Heimberg-Krauss, Katscher, and Lustig, Monatsh., 65, 358 (1930). 

% Courtot, Compt. rend., 198, 2260 (1934). 

28 Chaix and Rochebovét, Bull. soc. chim., [5} 8, 273 (1935). 

2% Suter, McKenzie, and Maxwell, J. Am. Chem. Soc., 68, 717 (1936). 

27 Pollak and Deutscher, Monatsh., 86, 365 (1930). 

% Courtot and Chaix, Compt. rend., 198, 1667 (1931). 

2 Warren and Smiles, J. Chem. Soc., 1040 (1932). 

9 Barber and Smiles, ibid., 1141 (1928). 

3) Steinkopf and Jaeger, J. prakt. Chem., [2] 128, 63 (1930). 

Van Meter, Bianculli, and Lowy, J. Am. Chem, Soc., 68, 3146 (1940). 

% Halverstadt and Kumler, ibid., 68, 624 (1941). 

4% Vorozhtzov, J. Gen. Chem. (U.S.S.R.), 19, 935 (1940). 

% Coulson, J. Chem. Soe., 1306 (1938). 

48 Pope and Bogert, J. Org. Chem., 8, 276 (1937). 


Aryl Group of Sulfonyl Chloride 


CioH7-1- 
CioH7-2- 
1-FC1)H5-4- 
1-FCyoH6-5- 
3-FCioHe-1- 
1-Cl]C9H,-2- 
1-ClCyoHe-3- 
1-ClCyoHe-4- 


1-ClCioHe-5- 
1-ClCyoHo-6- 


1-ClCy)H¢-7- 
1-ClCyoH¢-8- 


2-ClCjoH¢-1- 
2-Cl1CyoH¢-5- 
2-Cl1Ci9H,-6- 
2-ClCioH¢-7- 
2-ClCipH6-8- 
1,2-CleC 19 H5-5- 
1,2-Cl2CyoH5-6- 
1,2-CleCipH5-7- 
1,2-CleC 10H 5-8- 
1,3-CleCioH5-5- 
1,3-CleCioH5-7- . 
1,4-CleCyoH;5-6- 
1,5-CleCioH5-2- 
1,5-CleCioH5-3- 
1,6-Cl2CyoH5-3- 
1,6-CleCioH5-4- 
1,7-CleCyoH5-3- 

1 7-Cl 2CyoH5-4- 
1,8-Cl2CioH5-3- 
1,8-Cl2C3oH5-4- 
2,3-CleCyoH5-5- 
2,3-CleCyoH5-6- 
2,6-CleCyoH5-4- 
2,7-CleCypH5-3- 
1,2,3-ClsCypH¢-?- 
1,2,4-ClyCyoH4-?- 
1,2,7-ClsCyoHa-?- 
1,2,8-ClaCyoHa-?- 
1,3,6-ClgCyoHy-?- 
1-BrCj9Hs-2- 


SULFONYL CHLORIDES 


TABLE XIII 


NAPHTHALENESULFONYL CHLORIDES AND AMIDES 


Reagent(s) and M.P., 


Jt 85 
Jib, ec di 2, TR 
Js» 104° 

Ie 

ios 

Is 

Je 


Tis & 86, 89, 90 


Ie 9, 89. 90 
I* 10, 69 


Jo, 11. 89 
[32 68, 89 


yee 

Jo, 18 
[4 89 
yo, 11, 18, 89 
Tite, 18 69 
q 

[38 10 
yo u, 18 
ys 

[% 

js 

[18 19, a1, a 
ys 

ys 

ys 

Js 18 

qs 

qo 

Jio. 18 
jis. 19 

ys 

rs 

jis: 3 

jis 

ys 

ys 

I» 

I» 

j7 

Is 


Reference(s) 


°C, 
66 
76 
86 
122-123 
97 


95-96 
111-112, 
113-115 
93-94 


166-168 
123-124 
138 
145-148 
121 
132-134 
124 
139.5 
156 

151 

130 

118 

158 
114-116 
142 

178 

236 
163.5 
182 
157-158 
173 


M 


Amide 
150 
212-213 
204-205 
196-197 
133 

>250 
168 
187 
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P., °C, 


Anilide and 
Reference 


1127, 152% 


1291 


eee ween nee 
were mewn ne 
we acer ew ene 
er 
ed 


ee i ss 


488 DERIVATIVES OF SULFONIC ACIDS. 1 


Reagent(s) and 


Aryl Group of Sulfonyl Chloride Reference(s) 


1-BrC 10H6-4- 
1-BrCioHe-5- 
1-BrCyoH¢-8- 
2-BrCjoHs-5- 
2-BrC;oHe-1- 
2-BrCioH-6- 
2-BrCioHe-7- 
2-BrCjoHe-8- 
1-BrCjoH¢6-?- 
1,4-BreCi0H5-6- 
1 »3-Br2C 10 He-?- 
1 »3-BreCy0Ho-?- 
1,5-BreCioH6-?- 
1 ,6-BreC 10H 5-?- 
1,7-BreCyoHs-?- 
1-ICyoHe-2- 
1-ICjoH6-4- 


1-ICoHs-5- 
1-IC yo He-8- 
2-ICyoHe-1- 
2-IC 1 He-5- 
2-ICyoH-6- 
2-ICyoH-7- 
2-ICioH6-8- 
1-O2NCi9H¢-3- 
1-O2N CoH e-4- 
1-OgNCjoH.-5- 
1-O2.NCoHe-6- 
1-OgNCioH¢-7- 
1-Og.NC oH -8- 
2-O2.NC 0H -5- 
2-O2NCjoHe-8- 
1,8-(O2N) 2Ci1oH6-3- 
1,4-(O2N)2Ci0H6-7- 
1,2-O2N (Cl) CioHy-5- 
1,2-O2N (Cl) CioHe-6- 
1,2-O.N (Cl) CyoH5-7- 
1,2-O2N (Cl) CioHe-8- 
1,4-O2N (Cl) Ci0H5-6- 
1,4-O2.N (Cl)CioH5-7- 
1,5-O2N (Cl) CioH-6- 
1,5-O2N (Cl) CioHs-7- 
1,5-O2N (Cl) CyoH5-8- 
1,8-O2N (Cl) CyoHe-2- 
1,8-O2N (Cl) Cio Hy-5- 


[Ms 2 
js 
jes 
[2 
js 
[27 2, 29 
y27 
bea 
[32 
ya 
ya 
ys 
[a 
[3 
qs 
[x 


ys: 85 


JM» 88 

ss 

js 

27 

jx 

js 

j3s 

js 

I,!% 7 JTT% 

J) 3, 19 JJ 
I,» 9 TI]! 

J,1% 3 @, 19 J] T1038 
J,%> 79 TTD) 97) 1 


TABLE XIII (Continued) 


MP., 
*C, 
86-87 
90-94 
110 
a7 
97 
124 
100 
147 
151 
109 or 120 
157 
128 
175 
145 
113 
94 
121, 123- 
124.5 
114 
115 
109.5 
92.5 
140 
100 
164-165 
139.5 
99 
113 
125-126 
169 
161, 165 
127 
169-170 
145 
118-119 
112 
161 
219 
190 
116 
161 
151 
130 
150 
129 
127 


M.P., °C. 
Anilide and 
Amide Reference 


95: - . Alvbaadvee ded 
232-233 


202,206. 5 136.5% 


236, 239 
187 140% 

TBO >... ence donereys 
211-213 
220". aekiaanet 
BO! SaVare ere 
Bn sg Sea eruins 
7) a 
188 fe 

255° ...” 

180-184 
216 or 223 172-173" 
185, 191 178, 173% # 
7 7 a ee ee 
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TABLE XIII (Continued) 
MLP., °C. 
Reagent(s) and M.P., Anilide and 
Ary] Group of Sulfonyl Chloride Reference(s) °C. Amide Reference 
2,1-O2N (Cl) CioHs-5- IlI¢ 118 220) aaieitew! eee’ 
2,8-O2N (Cl) CyoHs-7- TT" 182 23h ses Bares Res 
1,4-O2N (Cl)CioH-8(?)- III# 134.0. | GSGaee He Aas 
4,5-(O2N) 2CyoHs-1- yy Vb256% ide Awardees 
1,4,5-(O2N)2ClC 19H, -8- Ill" TOE, aaa athe Reale 
?,?, 1-(O2N )oCl Cio H,-2- IT" 235% taller? teameted aus 
2-HOCiHe-1- TI” 124: deh dene ealcate dees 
1-HOCyHe-4 lk eee tee ee nt eee 199-200" 
1-Ce2_HsO0COOCjoHe-2- yus V27RA 128) ons oa veh aden oe nee 
1-CHsCOOCj0He-2- ya B25. heehee 15873 
1-CHsCOOCiHe-5- I“ 7 120); {hacteatee 8 2Gacb cen 
2-CH3COOCi0He-6- J@ 7 103-107... . 95* 
lHOCpHeb- eee et te een eee 20078 
2-CH3sCOOC jpHe-8- I* 5 0), A 
2-CH;COOCioH_e-1- I VIS. ae Seeder eed eteaied 
1-C,H;OCOOC;»He-4- J, I1@ B80 0 ae tse 14974 
1-CoHsOCOOCwHeS- ik eee cette eee 12978 
2-C2Hs0COOCioHe-6- ys W8 eee 130"5 
2-C2Hs0COOC iH e-8- I,* II# TS). cstevey 195 
2-C2H;0CyoHe-1- I 115-116 =158 187" 
1-C2H,OCipHe-4- I¢ 101 167 178 
2-CH;0Ci0He-3- * 137-138 113 173-174" 
2-CHs0Ci0H6-6- J" 93 199 79-80 
2-CoITs0 Ciro He-6- i“ 107.5 183 152-153 
1,2-Br(C2H50) CioH5-6- i" 131-182 191 ~............ 
1,2-O2N (C2H50) CyoH 5-6- ye 146 218 fadet bathe 
1,2-(COOH) (HO) CoH;-6- UT | eg et cen Sure oie ot ay 
2-CoHs0Ci0H¢-7- y« 103 172 153 
2-CH30C0He-8- I" 135-137 = 153 196" 
2-CoHsO0 Cio He-8- hu 93 165 158” 
2,1-CoHs0(O2N)C10H5-6- y« 146 218). kdtrewodan eas 
2,?-C2HgO(O2N) Cio H5-8- ie 155 173-174 .... 2... 
2-CgHsCON (CH3) CioHe-6- Jit 115-116 225-226 ........... 
2-CH3sCON(CH3)C10He-6- ys 142-143 184-185 ........ 00. 
2-(CH3)2NCyoH,-5- Ts 86 or lOBF) jo cudanw series e's 
110 
1-CHsCONHCioH,-4- J,5* & TJ 0@ 170 240 hg Naess 
1-CeHsCONHC oHe-6- Ts: 8 I85=186) ase ees paw es 
1-CeH SO2NHCi0He-4- Js STU ps oa Eee Leds Gd: 
2,5-CHsCONH(HO)CioHs-7- =‘ T® 180 (dec.) ....... 0 cece eee eee 
2,8-CH;CONH (HO)CiHe-6- = II T8O\(deCi)" saGtaies. kikak saints 
4,7-CgHgCOO(CsHsCONH)- Jus IBl4 = * ~ Sweeachay: aes deat 
CyoHs5-2- 

1-(CN) Cy He-2- I# W430 keen Sera nds 
1-(CN)CioHe-8- 1s 139 334-3386 6... eee eee 
2-(CN) CyoHe-1- Js 92 23000 Al oeesiddins 
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Aryl Group of Sulfony] Chloride 


2-Cy1ig(COCI)-3- 
1-CH3Ci0He-3- 
1-CH3C10H y-4- 

1-CH CyHe-5- 
1-CH3CjoH¢-6- 
2,5-CH3(O2N)CioHs-1- 
2,8-CH3(O2N)Cy0Hs5-1- 
1,5-CH3(O2N)C1oH.-4- 


1-CH3C10He-7- 
2-CH3C10He-1- 
2-CH3C oH e-6- 
2-CH3CyHe-8- 
1,8-CH3(O2N) CoH 5-4- 
2-CoHsCioHe-6- 
2-1-C3H7CyoHe-1- 
1-CeHsCH2CioH5-4- 
1,6-(CH3)2CjoHe-4- 
6,7-(CH3)2CoHs-1- 
2,6-(CHs)2CioHs-1- 
2,6-(CH3)2Ci1oH5-7- 
2,6-(CHs)2Ci0H5-8- 
?,?,-(i-CsH7)2CioHs-1- 
2,7-(CHs3)2Ci0H,-3- 


1,6-(¢-CsH7)2CioHs-3 (or 7)- 
1,8-(CeHsCH2)2CioH5-4- 
1,4-(CgHgCH2)(CeHsCO)- 


CioH5-5- 
1-(CeHsCO)CyoHe-4(?)- 
1-CipHs(SO2F)-5- 
2-CioH6(SO2F)-6- 


CyoHe-1 a 
CyoHe-1,4- 
CyoHe-1,5- 
CroHe-1,6- 
CyoHe-1,7- 
CoH 5-2,6- 
CyoH-2,7- 
1-ClCyoH5-2,7- 
1-ClCoHs-3,5- 
1-ClCypH-3,6- 


1-CiCyoHy-3,8- 
1-ClCipH,-4,6- 


TABLE XIII (Continued) 


Reagent(s) and M.P., 
Reference(s) °C. 


Ie 288 
jo 124-125 
JO rR 80-81 
TIO thgeenare’ 
[1 120-121 
III" 84-85 
IlI™ 145 
III@ 162-163, 
170 
Jae, 102 107, 88 
1" 83-85 
1a 97-98 
Ju: 96 
II# 115-116 
Is 69-69.5 
I" 61 
re 104-105 
To cpeceng tice 
TD ative ater 
[ue 116-117 
Ja 8S 
Js 8 105-107 
™ 119 
THe a 
I" 71 
mm 151 
I" 155-156 
Ie 117-119 
Ip 174 
Ip 114-116 
Disulfonyl Chlorides 
je & 137-138 
a) 160 
I," ss, & [[}%: 106 183 
Js: $4, 107 127-129 
[88> 107 122.5 
Jos: 67, 38 225-226 
qs 6S, b7, 157-158 
I 144 
J# 130 
Is 114 and 
127 
y# 110 
is 127 


M.LP., °C. 
Anilide and 
Reference 
143-144 0s 
174-177 158 
176-178 .... 6... ee 


i ee er ay 


205-206 ........... 


Roose fobs 131-132" 


252-253... eee ee 
208 kee eee eee 


oe ro io a) 


face svans 247-2481 


Pr a oe ey 


as 


tee eee esses 
sen eeee 


Fee wee renee 


er ee ee ey 


ee 


Reagent(s) and M.P., 

Aryl Group of Sulfonyl Chloride Reference(s) °C. 

Disulfonyl Chlorides (Continued) 
1-ClCyoH5-4,7- Iss 107 
1-ClCyoHs-4,8- ys 135 
2-ClCyoHs-1,5- [8 158 
2-ClCioHs-1,6- [ss & 125 
2-ClCyoHs-3,6- ys 165 
2-ClCi0H-3,7- ys 176 
2-CIC 10H 5-4,6- [8 148 
2-ClCyoH5-4,7- Iss 174 
2-C1CyoHs5-5,7- Iss 156 
2-Cl]CioHs-6,8- J28. 88 170 
1-OgNCjoHs-3,6- [13 68 140-141 
1-O2.NCioH5-3,7- 4 190-192 
1,8-(O2N)2C10H,-3,6- ys 219-220 
1-HOCjoHs5-2,4- T[# & 149 
1-CaITsOCOOCi9Hs-3,6- Ju0 95 
1-C,HsO0COOCoH;-3,8- Juco 180-181 
1-CoHsOCOOC oH s-4,7- Ju0 120 
1-CeHs0COOC oH;-4,8- [10 177-179 
2-HOC,oH5-1,6- II# 111 
2-HOCoHs5-6,8- II# 161-162 
2-HOC oH¢s-1,5- II® 177 
2-HOCioHs-1,7- Il® 169 
2-HOCi0Hs-3,6- Ir 112-113 
2-C2HsOC10H,-1,6- i 51 
2-C2Hs0Ci0Hs-3,6- I" 121 
2-C2HsO0Ci0H;-6,8- I@ 158 
2-C2HsO0COOC 10H ;-3,6- II* 125 
2-CoHsOCOOCioHs-6,8- II# 131 
1-H,NCyoHs-3,6- Ips 149 
1,8-CHsCONH(OH)Cy0H4-3,6- IT®> % 188-189 
1,8-CHsCONH(OH)CioI]y-4,6- II 145-147 
1,8-(NHCOO)CoH4¢-3,6- II# 214-216 
1,2-(NHCOO)Ci0H4-?,?- IIs 262-263 
1,2-(N20)CyoH,-4,?- II@ 131-132 

Trisulfonyl Chlorides 

CyoHs-1,3,5- Ja 146 
CioHs-1,3,6- 18 191 
CyoHs-1,4,5- I 156-157 
CyoHs-2,3,6- I# 200 
1-C1Cy9H4-2,4,7- ys 215 
1-HOCioH¢-2,4,7- JI: #4: 210 172-174 
1-HOCio0H,-4,6,8- Tp ie ieele.e 
2-HOCi0H¢-3,5,8- II# 196 


SULFONYL CHLORIDES 
TABLE XIII (Continued) 


491 
M.P., °C. 
Anilide and 
Amide Reference 
20 0 ose, 
285-287 «wee 
800° a heeds 
BOB) kehalhclave tcc 
Ssutauanees 228% 
Seca ete 191* 
Peeieienes 195# 
5) ne or eee 
ice faced 2334 
253-254 1277 
WE” cacti ckce, 
beceeee 228M 
sisavectne 152-1554 
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1 (a) Kimberly, Ann., 114, 135 (1860). (8) Erdmann and Sivern, Ann., 278, 233-250 (1893). 
(c) Maikopar, Z. Chem., 711 (1869). (d) Otto, Réasing, and Tréger, J. prakt. Chem., [2] 47, 99 (1893). 
(e) Remsen and Comstock, 4m. Chem. J., 8, 106 (1883). (/) Joy and Bogert, J. Org. Chem., 1, 236 
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PuysicaL PRorperties of SULFONYL CHLORIDES 


Aside from the melting points, information on the physical proper- 
ties of sulfonyl chlorides is scarce. Determination of the dipole mo- 
ments for several sulfonyl chlorides indicates the chlorosulfony] group 
is strongly electron attracting.*> The values reported are benzene-, 
4.47, p-toluene-, 5.01, and p-bromobenzenesulfonyl chloride, 3.23. 
Timmermans °° has reported the heats of fusion for several sulfonyl 
chlorides. The parachor for p-toluenesulfony! chloride is in accord 
with the presence of two semi-polar double bonds.°?* 

Because of the commercial interest in separating o- and p-toluene- 
sulfony] chlorides their melting-point composition curve has been care- 
fully determined.5’®> The eutectic temperature is 1.6° and the eutectic 
mixture contains 17.5% of the para isomer. 


REACTIONS OF SULFONYL CHLORIDES 


The properties and reactions of benzene-, p-toluene-, and the naph- 
thalenesulfony! chlorides have been investigated in some detail, but 
the majority of the aromatic sulfonyl chlorides are known only through 
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their melting points and those of the corresponding amides. Little in- 
formation is therefore available concerning the effect of substituents 
in the aromatic ring upon the nature or velocity of the reactions which 
sulfonyl chlorides undergo. Of particular interest would be an inves- 
tigation of the effect of the presence of groups in both ortho positions. 

Sulfony] chlorides not only act as typical acid chlorides but also on 
occasion may function as chlorinating or oxidizing agents. Their 
known reactions are therefore numcrous. They are comparatively 
stable compounds and in those of aromatic type only anthraquinone- 
1-sulfony] chloride has been reported to decompose on standing; here 
evolution of sulfur dioxide and formation of 1-chloroanthraquinone 
occurs. 

Hydrolysis. Because of their insolubility sulfonyl chlorides are hy- 
drolyzed very slowly by cold water,®® p-chloro- and p-bromobenzene- 
sulfonyl chlorides being entirely unaffected.°°* To bring about hy- 
drolysis by water alone in any reasonable time requires heating in a 
sealed tube °°! to 1380-140° for several hours although boiling with 
water eventually brings the reaction to completion.*t There seems to 
be no systematic study on record which relates the ease of hydrolysis 
to structure or to the substituents present in the aromatic ring. 

Alkali or concentrated acids aid in effecting hydrolysis. Alcoholic 
potassium hydroxide ®** brings about this reaction rapidly. It has been 
mentioned that the mechanism of the hydrolysis of benzenesulfony] 
chloride bears a close resemblance to that of mustard gas.°” Warming 
p-bromobenzencsulfonyl chloride to 80° with concentrated sulfuric 
acid ®4 results in the evolution of hydrogen chloride and treatment of 
the product with water gives the sulfonic acid. 


p-BrCeH48O2Cl + H2S04 — p-BrCeH4SO20S803H + HCI 
p-BrCeH4SO20S8S03H + HO —> p-BrCgH4SO3H + H280,4 


Such a reaction also occurs as a step in the conversion of p-toluene- 
sulfonyl chloride into toluene-2,4-disulfonic acid.* 

With superheated steam p-toluenesulfonyl chloride is completely 
hydrolyzed to toluene and hydrochloric and sulfuric acids.**¢ Several 
dichloronaphthalenesulfony] chlorides have been completely hydro- 
lyzed by heating with hydrochloric acid *¢ in a sealed tube above 230°. 

Reduction with Metals and Hydrogen. Reduction of sulfony] chlo- 
rides with metals in alkaline or neutral solution yields sulfinates. Cal- 
cium in aqueous alkali * and zine dust in water ° or alcohol %% 4.67 
bring this about readily, With zinc in alcohol it is possible to reduce 


2CsHs5S02Cl + 2Zn — (CeHsSO2)2Zn + ZnCle 
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the sulfonyl chloride group without affecting a nitro group in the same 
molecule.*** Sodium or potassium in toluene converts p-toluenesul- 
fonyl chloride * to the disulfone. 

Sodium amalgam in benzene or ether, usually in the presence of a 
small amount of water, has been found © to give satisfactory yields 
of the sodium sulfinate. Here also it has been found possible to leave 


CeHsSO2Cl + 2NaHg — CeHsSO2Na + NaCl + 2Hg 


a nitro group unaffected.”° 

Zinc or iron in acetic acid may be used to reduce benzenesulfonyl 
chloride to the metal sulfinate ** but in the presence of hydrochloric or 
sulfuric acid zine effects complete reduction ** to the thiophenol, the 
sulfinate probably occurring as an intermediate stage. 


CeHsS8O02Cl + 3Zn + 5HC] — CegHsSH + 2H20 + 3ZnCle 


Complete reduction to the thiophenol may be brought about with zinc 

and acetic acid in the presence of acetic anhydride and sodium ace- 

tate.7* The thiophenol is recovered as the acetyl derivative. 
NHCOCH.Cl1 NHCOCH3 


2n,ACOH 
ACx0 


S02Cl va 


Under this treatment an o-aminosulfonyl chloride gives a benzothia- 
zole. 


O 

ClOe He CH3CS, N. 
Seanstcnes CCHs 

H3 O2c] 4%° CHs Ss 


Tin or stannous chloride and hydrochloric acid ** have frequently also 
been employed. When stannous chloride is used in alcohol at 20° it is 
possible to stop the reaction at the sulfinic acid stage."4* If a nitro 
group is present in the molecule the final product is an aminothio- 
phenol.75+®¢ Jron in a mixture of acetic and hydrochloric acids has 
been used in one instance 7¢ to bring about reduction to the thio- 
phenol. Calcium in acid solution likewise has been shown to yield 
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thiophenol.** A complex reaction of somewhat uncertain nature occurs 
between p-toluenesulfonyl chloride and copper in dry pyridine.™* Sev- 
eral investigations of the electrolytic reduction of sulfonyl chlorides 
are on record.”? The thiophenol, disulfide, and sulfinic acid are present 
in the resulting product. 3-Nitro-4-methylbenzenesulfonyl chloride 
yields the aminothiocresol.7® 

The catalytic reduction of sulfonyl chlorides in the presence of pal- 
ladium chloride ” proceeds rapidly as a reaction of zero order until 
the sulfinic acid is formed. This is followed by a further slow reduc- 
tion over a period of ten days to two weeks to give up to a 50% yield 
of the disulfide. The sulfinic acids from m-benzenedisulfonyl chloride 
and sym-benzenetrisulfonyl chloride were not isolated. In the latter 
reaction some sulfite was formed. 

Reduction with Acids and Salts. m-Nitrobenzenesulfonyl chloride 
is reduced by three equivalents of hydrogen iodide in glacial acetic 
acid to the thiosulfonate.*° With an excess of hydrogen iodide in 


2m-O2NCsH4SO2Cl + 6HI — 
m-O2zNCegHaSO2SCeH4NOo-m + 2HCI + 3le + 2H20 


acetic acid at room temperature ®!* or with boiling hydriodic acid *? the 
reduction proceeds to the disulfide stage. In the presence of phos- 
phorus less acid is required.**?. By this procedure p-toluenesulfonyl 
chloride and m-carboxybenzenesulfonyl chloride are completely re- 
duced. Benzenesulfony! chloride is reduced by concentrated aqueous 
potassium iodide as far as thiophenol.*® With one equivalent of 
iodide ** a mixture of products is obtained including the sulfinate, 
a-disulfone, and thiosulfonate. 

Hydrogen sulfide reduces benzenesulfonyl chloride in cold alcohol to 
a mixture of thiophenol, diphenyl] disulfide, and dipheny] tetrasulfide.** 
Peculiarly enough no reaction takes place in other solvents including 
methanol, acetic acid, benzene, and water.** Sulfides and hydrosulfides 
reduce sulfonyl chlorides to sulfinic acids or salts of thiosulfonic acids 
depending upon the reaction conditions. Thus with the minimum 
amount of sodium sulfide at 100° in water solution *” the sulfinic acid 
is formed, whereas with an excess of reagent at lower temperatures 


2CeHsSO2Cl + Na2S + H20 — 2CeHsSO2H + 2NaCl + 8 


the product is always the thiosulfonate.** With barium hydrosulfide 
m-nitrobenzenesulfonyl chloride has been converted into the thiosul- 


500 DERIVATIVES OF SULFONIC ACIDS. 1 
CeHsSO2Cl + Na2S —_ CeH;SO025Na + NaCl 


fonate ®° but an excess of ammonium hydrosulfide yields the amino- 
thiosulfonate and for 3,5-dinitro-4-methylbenzenesulfonyl chloride 
the diaminothiocresol is the final product. 

Sodium sulfite in neutral or slightly alkaline solution converts sul- 
fonyl chlorides into sulfinates.°°*! Sodium arsenite ® gives similar 
results. 

Reaction with Oxidizing Agents. Heating benzenesulfonyl chloride 
with lead dioxide at 180° produces chlorobenzene.** How generally 


CeHs802Cl + PbO2 — CeHsCl + PbSO,4 


applicable this reaction may be is not known. p-Toluenesulfonyl 
chloride when treated with lead dioxide and potassium hydroxide un- 
dergoes loss of sulfur and oxidation, the products being benzoic and 
p-hydroxybenzoic acids.°%¢ 

In the presence of sunlight p-chlorobenzenesulfonyl chloride is oxi- 
dized by atmospheric oxygen with the liberation of free chlorine.®* 
Other chlorides are less affected. The reaction occurs readily in ether 
and hardly at all in other solvents. 

Benzenesulfonyl chloride reacts with sodium peroxide * and with 
potassium permonosulfate °° to give strong oxidizing agents. 


2CeHsSO2Cl + NazOz — (CeHsSO20)2 + 2NaCl 
CeHsSO2Cl + K2S2053 — CyHsSO200S8O03K + KCl 


Reaction with Phosphorus Pentachloride and Thionyl Chloride. A 
very useful method for determining the structure of a sulfonyl chloride 
is by replacing the chlorosulfonyl group with chlorine by heating the 
compound with phosphorus pentachloride. 


ArSO2C] + PCls — ArCl + POCI3 + SOCle 


In the benzene series °° the reaction proceeds at 200-220° while for 
naphthalene derivatives a somewhat lower temperature usually suf- 
fices.°? This reaction is also of synthetic value in the naphthalene 
series as it offers a method for obtaining the otherwise inaccessible 
chlorine derivatives of naphthalene from the readily available sulfonic 
acids. 

Sulfonyl chlorides do not react with thionyl chloride except when 
the reaction mixtures are heated under pressure to a comparatively 
high temperature. At 180° benzenesulfonyl chloride and various de- 
rivatives which do not contain an alky] group are converted into chloro 
compounds with loss of the sulfur.®* 
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S02Cl Cl 


+ 80Clez — +? 


Cl Cl 
NO2 Cl 


+ SOClz — +? 
Cl 


2 
Cl Cl 
At 140° p-toluenesulfony] chloride ® gives chlorination products while 


socl 


p-CH3C6H.802Cl *> p-CleoCHC¢H,Cl 


at 240° p-chlorobenzoyl] chloride is formed. Under the same condi- 
tions toluene gives benzotrichloride. At 240° o-toluenesulfony] chlo- 
ride gives a 40% yield of o-chlorobenzoyl chloride. m-Xylene-4,6- 
disulfonyl chloride acts similarly 1° to produce 4,6-dichloroisophthal- 
oyl chloride while the o-xylenedisulfony] chloride gives a compound 
CyH,Cly. p-Anisolesulfonyl chloride at 250° is converted into penta- 
chloropheny] chloromethyl ether. 

Reaction with Nitrogen Compounds. The reaction of sulfony] chlo- 
rides with ammonia has already been mentioned. Other nitrogen com- 
pounds containing an amino or imino linkage react in the same man- 
ner. The formation of sulfonamides in the well-known Hinsberg *™ 
method for distinguishing between primary, secondary, and tertiary 
amines is an example of this type of reaction which has been widely 
studied.1°? Sunlight promotes the reaction with a variety of amines.?°” 
Addition products of the sulfonyl chloride and amine have been iso- 
lated that cannot be made from the sulfonamide and hydrogen chloride. 
Occasionally the reaction proceeds abnormally. For example, B-ami- 
noanthraquinone 1°" with p-toluenesulfony!] chloride gives, besides the 
amide, ammonium p-toluenesulfonate and a compound C49H2s03N28 
which could be used as a vat dye. Although tertiary amines appar- 
ently do not react with sulfonyl chlorides in aqueous solution the situ- 
ation is otherwise for anhydrous media. Thus trimethylamine in ether 
at 0° reacts with benzenesulfony] chloride *°* as follows. 


CeHsSO2Cl + 2(CH3s)sN — CeHsSO2N(CHs3)2 + (CH3)4NCl 


Even at —70° the reaction proceeds at a noticeable rate. p-Toluene- 
sulfonyl chloride reacts somewhat more slowly than its lower homolog. 
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Data on this interesting reaction for other tertiary aliphatic amines 
are limited to the report that addition compounds are formed.?°* Di- 
methylaniline undergoes a complex transformation with p-toluenesul- 
fonyl chloride *°* to yield small amounts of crystal violet and bis-(p- 
dimethylaminophenyl)methane, and as the main product the sulfona- 
mide of N-methylaniline. The carbon necessary to form the dyes 
comes from the liberated methyl group. The sulfone which Michler 2° 
believed to be formed in the reaction of dimethylaniline with a sulfonyl 
chloride is actually produced in the presence of aluminum chloride at 
a low temperature. Benzenesulfony] and o-toluenesulfonyl chlorides 


C7H7SO2Cl + CeHsN(CH3)2 — C7H7SO2N(CHs)CeHs + CH3Cl 


CrH7802Cl + 2CsHsN(CHs)2 ““, 


C7H7SO2CeH4N(CHs)2 + CeHsN(CH3)2HCl 


react in the same manner as the p-toluene derivative. Diethylamline 
and methyldiphenylamine yield dyestuffs and probably the sulfona- 
mides. Heterocyclic compounds containing tertiary nitrogen such 
as pyridine, quinaldine, and acridine? form addition compounds. 
B-Hydroxyethyldimethylamine is converted into a piperazine deriva- 
tive by p-toluenesulfonyl chloride?’ in the presence of sodium car- 
bonate. This reaction results through the intermediate p-toluenesul- 
fonate which is a strong alkylating agent. 


C7H;80;C1 
(CH3)2NCH2CH20H Eco, = 
(CH3)2N 038C7H7-p 
a 
He CH2 
(CHs)eNCH2CH2038C;H7 > | l 
H2C CHe 
A 
(CH3)2N O38C7H7-p 


Hydrazine reacts with a sulfonyl chloride to form either the hydra- 
zide or sulfinic acid, depending upon the reaction conditions and the 
substituents present in the sulfonyl chloride nucleus. Thus one or two 
moles of benzene- or #-naphthalenesulfonyl chloride react with hy- 
drazine in alkaline solution to form mono and disulfonhydrazides,!* 
while sulfonyl chlorides with ortho or para nitro groups give the sul- 


CeHsSO2Cl + 2NH2NH2 — CsHsSO2NHNHe + NH2NH3Cl 
CeHsSO2Cl + NHeNHSO2CsHs + NaOH — 
(CeHsSO2NH)2 + NaCl + H20 
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finic acids at temperatures as low as 35-40° in alcohol-benzene solu- 
tion.1° The yields of sulfinic acids are high (80-90%) and the the- 


20-O2NCeH4802Cl + 2NeH4 _ 
20-OzNCgHs4SO2H + Ne + 2H20 + NeHeCle 


oretical amount of nitrogen is evolved. Because the temperature at 
which the sulfinic acid is formed varies with the acid chloride it is 
possible to separate mixtures of isomeric nitrosulfonyl chlorides 1° by 
reacting them with hydrazine at a temperature which gives the sul- 
finic acid of one and the hydrazide of the other. Thus a mixture of 
o- and p-nitrobenzenesulfony] chlorides reacts with hydrazine hydrate 
in alcohol at 35° to give o-nitrobenzenesulfinic acid and p-nitroben- 
zenesulfonhydrazide, the latter crystallizing out. Both compounds are 
reconverted to sulfonyl chlorides by the action of chlorine. Ortho- 
meta and meta-para mixtures behave analogously. 5-Nitro-2-chloro- 
p-toluenesulfonyl chloride and the 6-nitro isomer at 60° give a 55% 
yield of the 6-nitrosulfonhydrazide and 74% of the 5-nitrosulfinic acid. 
2,4-Dinitrobenzenesulfonyl chloride must react with hydrazine at 
—10° to get the hydrazide, and 4-chloro-2-nitrobenzenesulfonyl chlo- 
ride could not be converted into this derivative." 

Derivatives of hydrazine which contain an unsubstituted amino 
group or one in which a hydrogen has been replaced by alkyl! react 
with sulfonyl chlorides in much the same manner as does hydrazine.*?? 
o-Nitrophenylhydrazine }#* in aqueous alkali with o-nitrobenzenesul- 
fonyl chloride yields a cyclic nitrogen compound, but in alcohol the 
hydrazide is formed. 

The reaction of sulfonyl] chlorides with hydroxylamine occurs rap- 
idly in alcohol solution. The benzyl ether of hydroxylamine reacts 


CeHsS02Cl + 2Hz2NOH — CeHsSO2NHOH + H2NOH- HCl 


in the same manner.’*5 A few ketoximes have been converted into sul- 
fonates by the action of sulfonyl chlorides in alkaline solution "117 
but more frequently '!* 28 the Beckmann rearrangement is induced. 
Anti-benzaldoxime gives a sulfonate but the syn form is dehydrated 


(CH3)2C==NOH + 8-CyoH7S02Cl + NaOH — 
(CH3)2C==NOS0O2Ci0H7-8 + NaCl + HeO 


to benzonitrile.1* 

Unlike the chlorides of carboxylic acids sulfonyl chlorides do not 
react with diazomethane."#° This is in accord with the concept that 
the sulfur-oxygen bonds are semi-polar preventing the formation of 
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the intermediate addition compound possible where a carbonyl group 
is involved. 

Acetamidoxime #74 and phenylacetamidoxime #7? with dry sodium 
carbonate and chloroform are converted to O-sulfonates. Boiling the 


CH3sC (=NOH)NH2+CeHsS802Cl — CH3C(=NOSO2CeHs)NH2+ HCl 


product from benzamidoxime with water 1** gives phenylurea and from 
p-tolamidoxime there results p-tolylurea and a compound, CgH;S8O2- 
Ne2CC.H,CHsg, whose structure is uncertain. 

The oximino groups in a nitrolic acid 17* and in methyl! anti-benz- 
hydroximate #5 have been esterified with benzenesulfonyl chloride in 
alkaline solution. 

The action of benzenesulfonyl chloride upon urea and a number of 
related compounds has been briefly mentioned in the literature. At 
100° urea '*6 is converted into the salt, guanylurea benzenesulfonate. 
Guanidine ?* yields an amide type of derivative and sodium cyana- 
mide 1*7 likewise reacts normally. Silver cyanate at 140° converts the 


CeHsSO2Cl + NazgNCN — CeHsSO2N(Na)CN + NaCl 


chloride into a mixture of benzenesulfonyl isocyanate and benzenesul- 
fonic anhydride.1** The action of p-toluene- 1° or benzenesulfony] 1*° 
chloride upon thiourea resembles that of oxidizing agents such as hy- 
drogen peroxide, potassium permanganate, and chlorine. From the 
benzenesulfony! chloride reaction were isolated phenyl benzenethiosul- 
fonate (“diphenyl disulfoxide’”’), dithiourea dichloride, sulfur, and cy- 
anamide. 

Reaction with Salts of Organic Acids. Heating benzene- or p-tolu- 
enesulfonyl chloride #4 with an excess of dry sodium acetate yields 
acetic anhydride whereas with the chloride in excess, acetyl chloride 
is the product. Benzoic acid in pyridine at water-bath temperatures 
is converted into benzoyl chloride.**? In a similar manner picric acid 


CeHsSO2Cl+CeHsCOOH+CsHsN — CeHsSOsHNCsH5+CeHsCOCl 


in diethylaniline yields picryl chloride. The silver salts of benzene- 
sulfonic acid ** and benzenesulfonamide '** react with benzenesulfony] 
chloride to give the anhydride and imide respectively. The sodium 
salt of the amide yields the same product.1** 

Reaction with Organometallic Compounds. Under the term “or- 
ganometallic compounds” will be included the sodium derivatives of 
ethyl acetoacetate and ethyl malonate since the behavior of these to- 
ward sulfony! chlorides is in some respects similar to that of the zinc 
alkyls and the Grignard reagents. All these metallo compounds act as 
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reducing agents, one of the reaction products being either a sulfinate 
or sulfoxide. 

p-Toluenesulfonyl chloride and ethyl] sodioacetoacetate yield a va- 
riety of reaction products #** whose presence is most satisfactorily ex- 
plained by the following series of equations. 


I. CHs3COCHNaCOOC2Hs + C7H7SO2Cl 
CH3COCHCICOOC2Hs + C7H7SO2Na 
CHsCOCHCICOOC2Hs + CHsCOCHNaCOOC2Hs — 
CH3sCOCHCOOC2H3s 


| 
CHsCOCHCOOC2Hs 
II. CHsCOCHNaCOOC2Hs + C7H7SO2Cl > 
CH3COCH (SO2C7H7)COOC2H; + NaCl 
CH3COCH (SO2C7H7)COOC2Hs + C2Hs0H - 
CH3COOC2Hs + C7H7SO2CH2COOC2Hs 
The intermediate ethyl p-tolylsulfonylacetoacetate was not isolated 
because of its instability which was demonstrated by its preparation 
by another method. An alternative source of this intermediate com- 
pound would be through the reaction of sodium p-toluenesulfinate with 
ethyl a-chloroacetoacetate. 
CH3COCHCICOOC2Hs + C7H7SO2Na =. 
CH3COCH (S02C7H7)COOC2Hs + NaCl 
A more clear-cut chlorination reaction is the one that occurs be- 
tween the enolate of ethy! isobutyrate and a sulfonyl chloride.1#7¢ 
CeHsSO2Cl + Na[(CH3)2COOC2Hs] — 
CIC(CH3)2COOC2H; + CeHsSO2Na 
The main reaction of ethyl sodiomalonate with benzenesulfony] 
chloride 387" is represented by the equations. 
CeHsSO2Cl + NaCH(COOC2Hs)2 
CeHsSO2Na + CICH(COOC2Hs)2 
CICH(COOC2Hs)2 + NaCH(COOC2Hs)2 — 
(C2Hs00C)2CHCH (COOC2H5)2 + NaCl 
This reaction is strictly analogous to the reaction with ethyl sodio- 
acetoacetate. As a by-product when two moles of sodium are present 


there is formed a partial hydrolysis product.1** This upon acidifica- 
tion decomposes promptly. 


NaCl 
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NaCH(COOC2Hs)2 + C7H7SO2Cl + NaOH — 
C7H7SO2CH(COOC2Hs)COONa + NaCl + C2Hs0H 
C7H7SO2CH(COOC2Hs)COOH —>+ C7H7SO2CH2COOC2Hs + CO2 


Precisely analogous to the chief reaction between sulfonyl chlorides 
and ethyl] sodiomalonate or acetoacetate is that involving a sodium 
acetylide.%* Phenyl- and amylchloroacetylene were obtained in 60- 
65% yields by this method. 


CsHi1,C=CNa + CeH;SO2Cl — Cs5Hi1C==CCl + CeHsSO2Na 


The reaction of a sulfonyl] chloride with a Grignard reagent is com- 
plex and the isolation of a good yield of any one product has been 
achieved rarely. The products obtained when an aromatic Grignard 
reagent is used are most satisfactorily explained by the accompanying 
equations.'*° In addition the thiosulfonate is always present and may 


CgHsS02Cl + CeHsMgBr —> (CgH5)2802 + MgClBr 
CeHsSO2Cl + CeHsMgBr _ CeH;Cl + CsH;SO2MgBr 
CeHsSO2MgBr + CeHsMgBr — (CoHs)2S0 + (MgBr)20 


become the main product. This presumably comes from the sulfinate. 
Small amounts of other substances also have been identified. Phenyl 


3CeH;SO2MgBr — CeH;SO28CeHs + CeH;SO3MgBr + (MgBr)20 


sulfoxide is reduced slowly by the Grignard reagent and the small 
amount of phenyl sulfide probably arises from this source. 

The products isolated from the action of p-toluenesulfony! chloride 
with methylmagnesium iodide and ethylmagnesium bromide ***” do not 
account for more than a minor portion of the reactants. Thus the 
methyl Grignard reagent gives a trace of p-tolyl methyl] sulfide and a 
considerable quantity of p-tolyl p-toluenethiosulfonate. Presumably 
methyl chloride is also produced but this was not isolated. From 65 g. 
of the sulfonyl chloride ethylmagnesium bromide gave 15 g. of p-tolyl 
ethyl sulfide and a trace of p-tolyl p-toluenethiosulfonate besides mag- 
nesium p-toluenesulfonate. 

Benzenesulfonyl chloride reacts with diethylzinc to give zine ben- 
zenesulfinate and probably ethyl chloride.** When ethylzine iodide 
is employed *** both the sulfinate and phenyl ethyl sulfone are iso- 
lated from the reaction mixture. Diphenylmercury reacts at 160° with 
benzene- or p-toluenesulfony] chloride to give a small yield of the 
sulfone.'*? 


(CeHs)2Hg + CeHsSO2Cl — (CoHs)280a + CoHsHgCl 
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Reaction with Alcohols. Since the discovery that alkyl sulfonates 
are good alkylating agents (see p. 528) the reaction of sulfonyl chlo- 
rides with alcohols of various types has been investigated in detail. 
Methyl, ethyl, and n-propyl alcohols react slowly with a sulfonyl 
chloride at room temperature '** or below, several days elapsing before 
the chloride has disappeared. To prepare ethyl p-toluenesulfonate in 
this manner requires six to seven days at 30°. If benzenesulfonyl chlo- 
ride is boiled with excess alcohol for several hours no ester is iso- 
lated,** the products being ethy] chloride, ethyl ether, and the sulfonic 
acid. 

CeHsSO2Cl + C2Hs0H — CeHsSO3C2Hs + HCl 
CeHsSOsC2Hs + C2Hs0H — CeHsSO3H + (C2H5)20 

CsHsSO3C2Hs + HCl — CeHsCi + CyHsSO3H 

CeHsSO2Cl + C2Hs0H — Ce2HsCi + CeHsSO3sH 


There is no proof that the last-written equation corresponds to a re- 
action which actually occurs but it seems plausible that part of the 
ethyl chloride may arise in this manner. It is known that phenyl- 
methylcearbinol with p-toluenesulfonyl chloride in pyridine yields only 
«-phenylethy] chloride whereas in the absence of a base, styrene is 
formed. If the alcohol is not present in large excess refluxing the mix- 
ture yields some ester. It is probable that the reported formation of 
alkyl sulfonates by heating the acid chloride with an alcohol **° was 
because of the use of the equivalent amount of alcohol or a short re- 
action time. n-Propyl and n-butyl p-toluenesulfonate have been pre- 
pared in 25-30% yields by refluxing the acid chloride with a 10% 
excess of the alcohol.’ If dry air is passed through the reaction mix- 
ture containing p-toluenesulfony] chloride and n-propyl] alcohol at 100~ 
125° so that the hydrogen chloride is removed as fast as it is formed," 
about 70% of the ester and 5% of the ether are obtained. A small 
‘amount of sodium carbonate was added to neutralize any p-toluene- 
sulfonic acid produced in side reactions. Probably ethy] chloride is 
a by-product in this method of preparation, but it was not reported. 
If benzenesulfony] chloride and methanol are heated in a sealed tube 
to 160° methyl chloride and benzenesulfonic acid are the sole prod- 
ucts.2** One would expect that secondary and tertiary alcohols may 
be more readily converted to chlorides than are the primary but no 
evidence on this point is available. The presence of a beta chlorine 
apparently reduces side reactions as refluxing p-toluenesulfonyl chlo- 
ride with excess ethylene chlorohydrin yields the ester *** rather than 
the ether and ethylene chloride. The cyano group has a similar effect 
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as f-cyanoethy] p-toluenesulfonate is formed in 65% yield by heating 
the reactants in boiling xylene for several hours.'** 

Addition of alkali to a sulfonyl chloride-alcohol reaction mixture 
greatly accelerates esterification, high yields of esters being obtain- 
able *°° at temperatures in the range 0-15°. In some instances more 
satisfactory results are obtained by carrying out the reaction in ether 
solution, either alkali being added to the anhydrous reaction mix- 
ture ‘©! or the sulfonyl chloride added to an ether solution of the so- 
dium alkoxide.'*°415? Benzene also has been used !** as a solvent for 
the reaction. Alternatively the reaction may be brought about by 
addition of a tertiary amine. Benzenesulfonyl chloride has been con- 
verted into the ethyl] ester in the presence of trimethylamine '5* and 
many alkyl sulfonates have been prepared in procedures involving 
pyridine as the acceptor for the hydrogen chloride.*515 “Tosyla- 
tion” #** of sugar derivatives is conveniently carried out in the pres- 
ence of pyridine. A practical application of the esterification of cellu- 
lose with p-toluenesulfony] chloride is the immunization of cotton and 
rayons to direct, sulfur, and vat dyes. This is of possible use in design 
dyeing.**" 

Reaction with Phenols. The reaction of sulfonyl chlorides with 
phenols proceeds in one or the other of two ways depending upon the 
substituents present in the phenol nucleus and the reaction conditions. 
If the reaction is carried out in the presence of an alkali hydroxide or 
carbonate only esters are produced while in the presence of diethyl- 
amiline or pyridine phenols in which two or more nitro groups are 
present may be converted into chlorides. 


CeH;ONa + p-CH3CegHsSO2Cl — CeHsO0SO2CsH4CHs-p + NaCl 
(O2N)3CeH20H + p-CH3CeH.SO2Cl + CeHsN (C2Hs)2 —_ 
(O2N)3sCeH2Cl + CH3CeH4SOsNH (CeHs) (C2Hs)2 


Picric acid does not react with p-toluenesulfony] chloride in the pres- 
ence of a strong base. 

Aside from this behavior of nitrophenols the esterification of phenols 
by sulfonyl chlorides is singularly free from side reactions under a 
variety of conditions. It has been reported that @-naphthol reacts 
with p-toluenesulfonyl chloride 1°* when these are heated together at 
140° but esterification occurs more readily in the presence of some 
condensing agent. Benzenesulfony] chloride is said to react with 
phenol 35° at 60° in the presence of zinc but there may be some doubt 
as to the usefulness of this agent in bringing about such reactions. A 
procedure of more general value consists in treating a solution of the 
phenol in aqueous alkali *®° or sodium carbonate '*! with the sulfonyl 
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chloride; the latter if a solid may be dissolved in benzene or ether. 
Using alcohol for a reaction solvent '*? confers the advantage of a ho- 
mogencous reaction mixture and is of value for high-molecular-weight 
phenols such as 2,5-diphenylphenol.?® Sodium phenoxide has been ob- 
served '°4¢ to react readily in benzene solution. The silver salt of 
2-nitro-4-methylphenol '*#? behaves abnormally with p-toluenesulfony] 
chloride, a sulfur-free compound with the composition C1,H13;0;N be- 
ing isolated from the reaction mixture. 

The sodium salt of o-aminophenol with benzenesulfonyl chloride 
gives an 82% yield of the sulfonate but with o-aminophenol itself the 
anilide results.?*#° o-Hydroxybenzanilide readily reacts with benzene- 
sulfonyl chloride without rearrangement such as occurs with acyl chlo- 
rides. 

As with the alcohols, esterification of phenols by sulfony] chlorides 
proceeds readily in the presence of dimethylaniline,?**¢ dicthylam- 
line,*® or pyridine.*“41°° The same effect is obtained by having the 
dimethylamino and phenolic groups in the same molecule.'* The con- 
version of di- and trinitrophenols into chlorides by the action of 


p-C7H7SO2Cl + p-HOCsH4N(CHs)2 — p-C7H7803CeH4N (CH3)2HCl 


p-toluencsulfonyl chloride in the presence of diethylaniline 1616 1652, 168 
has been found to be a general reaction. It is necessary for the two 
nitro groups to be ortho or in the ortho and para positions; a dinitro- 
phenol with a methyl group meta yields the ester.'°* Picramic acid 16 
with two moles of p-toluenesulfonyl chloride in pyridine gives as the 
final product anhydro-2,4-dinitro-6-p-toluenesulfonamidophenylpyri- 
dinium hydroxide which with nitric or hydrochloric acid gives the cor- 
responding salt. The presence of an iodine atom ortho to hydroxyl 
prevents replacement of the hydroxy] but bromine does not. 


OH OsSC7H; 
ONC ot ceso.cy Seco, FN [HCl] 
3 H3 
No. No. 
OH cl 
ON. 


Br OoN; r 
+ CyH780.C] SABNGHs, + [CrH7803H] 


oA 
NO2 NOz 


Both 2,4-dinitrophenol '*¢ and the 2,6-isomer 1" yield mixtures of 
the ester and chloride. Dinitro-o-cresol reacts similarly." If one of 
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the nitro groups of a dinitrophenol is replaced by a cyano, acetyl, or 
benzoyl group ester formation greatly dominates or is the sole re- 
action.7¢ Thus 4-cyano-2-nitrophenol yields only about 5% of the 
4-chloro-3-nitrobenzonitrile when treated with p-toluenesulfony] chlo- 
ride in the presence of diethylamiline, the main product being the 
p-toluenesulfonate. 2-Nitro-6-cyano-4-methylphenol and 3-nitro-4- 
hydroxy-5-methoxybenzonitrile yield only the esters while 4,6-dinitro- 
2-methoxyphenol gives also a little 2-chloro-3,5-dinitroanisole. It has 
been suggested 742 that the formation of the chlorine compounds is a 
secondary reaction, occurring as the final stage in the series of changes 
indicated. 
ArOH + p-C7H7SO2Cl _ ArOS0O2C7H7 + HCl 
ArOSO2C7H7 + CeHsN(C2Hs)e — [CeHsN(C2Hs)2Ar]O3SC7H7 

[CeHsN(C2Hs)2Ar]O38C7H7 + HCl — 

[CeHsN(C2Hs)2Ar]Cl + C7H7SOsH 

[CeHsN(C2Hs5)2ArJCl — CgHsN(CoHs)2 + ArCl 

This mechanism is in accord with the ready decomposition of the ad- 
dition compound of 2,4-dinitro-6-methylpheny] p-toluenesulfonate and 
pyridine with dilute hydrochloric acid to give the dinitrochlorotoluene 
while the ester alone undergoes simple hydrolysis under the same con- 
ditions. Polynitrophenols which give only sulfonates under usual 
conditions can be converted into chlorides by first allowing the sulfo- 
nates to react with pyridine, then decomposing the pyridinium com- 
pound with hydrochloric acid. Picric acid and p-toluenesulfony] chlo- 
ride in pyridine at ordinary temperatures +”? yield picryl pyridinium 
p-toluenesulfonate indicating that under these conditions the ester 
is the primary product. On the other hand, 2,4,6-trinitroresorcinol 
(styphnic acid) yields 2,4,6-trinitro-3-hydroxyphenylpyridinium be- 
taine,1°4 


OH OH 
CsHsN ‘ ais 
H NCsH;[SO3sC7H7-p] - 
NO2z NOz 
O ~ 
ON) O2 

+ + p-C7H7SO3H 
CsHs 


REACTION WITH THIOLS 511 


3-Hydroxy-2,4,6-trinitrodiphenylamine gives the pyridinium p-tolu- 
enesulfonate (rather than a pyridine betaine) which decomposes when 
treated with 2.N hydrochloric acid to form the chlorotrinitrodiphenyl- 
amine. 

When 4,6-dinitroresorcinol is treated with p-toluenesulfony! chlo- 
ride in diethylaniline there results a mixture of 2,4,2’ 4’-tetranitro-5,5’- 
dichlorodipheny] ether and 1,3-dinitro-4,6-dichlorobenzene. 


OH Cl 
O2N p-C7H780;3Cl O2N p-C7H7803Cl 
FH CeHsN(CeBiva Hy (CeBiN(CsHds 
NO2 NOz2 
Cl Cl 
O2N CHNOpcnon | O2N 
3SCrII7 CeHsN(C2Hs)3 oO 
NO2 NOe fe 


Reaction with Nitroamines. Aromatic amines containing nitro 
groups behave anomalously toward p-toluenesulfony! chloride in that 
the formation of sulfonamides is frequently difficult while the prepara- 
tion of disubstituted compounds is relatively easy.1”* Thus equimolec- 
ular amounts of o-nitroaniline and m-nitrobenzenesulfonyl chloride 
in pyridine give a mixture of mono- and disulfonamides. In the action 
of p-toluenesulfony] chloride upon nitroaminophenols the amino group 
reacts first unless it is protected by two ortho substituents. 


OH O3sSC7H7-p 
He He 
+ p-C7H7S0:2Cl —_ 0 + HCl 
2 2 


Reaction with Thiols. The reaction of a sulfony! chloride with an 
aromatic thiol in alkaline solution results in an oxidation-reduction 
reaction rather than esterification. Benzenesulfony] chloride reacts 
with an alkali?” or lead 2" salt of thiophenol according to the equa- 
tion. 


2CeHsSNa + CeHsSO2Cl — (CeHsS)2 + CeHsSO2Na + NaCl 


p-Toluenesulfony! chloride reacts in the same manner.?” An aliphatic 
thiol may react in either of the two ways, depending upon the ratios 
of the reactants.1"” 
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p-C7H7SO2Cl + CsHi1SNa — p-C7H7SO28CsHi1 + NaCl 
p-C7H7SO28CsHhi + CsHiiSNa — (Cs5Hi:S)e2 + p-C7H7SO2Na 


Both the oxidized and reduced forms of glutathione reduce 8-naptha- 
lenesulfony] chloride to the sulfinic acid in alkaline solution.?7® 

Substitution Reactions. Halogenation and nitration of sulfonyl 
chlorides may be effected without modifying the sulfonyl chloride 
group. As has already been mentioned treatment with sulfuric acid 
results in loss of the chlorine as hydrogen chloride. 

Chlorination of p-toluenesulfonyl chloride **® at 70-80°, preferably 
in the presence of antimony trichloride **° results in substitution in 
the ring. In the absence of a catalyst *? side-chain chlorination can be 


CH3 CHs CHs3 CH3 
Cl Cl Cl Cl 
= — + 
Cl 


SO2Cl $02Cl S02Cl S$02Cl 
66% 
brought about. A yield of 62% of w-chloro-p-toluenesulfonyl chloride 
has been reported when the halogenation was conducted at 160-210°. 
One product obtained from chlorination of the o-tolucnesulfonyl chlo- 
ride was the sultone. In the nitration of 3-chloro-4-methylbenzene- 
sulfonyl chloride the para directive influence of the chlorine is three 
times as great as the ortho directive influence of methyl and the meta 
influence of the sulfonyl chloride group combined whereas in 3-chloro- 
2-methylbenzenesulfonyl chloride the chlorine has a slightly smaller 
effect than the other two groups. In this latter nitration the sulfonyl 
chloride group exerts a greater effect than a nitro group in the 


CH3 CH3 


Cl O2Cl Ch O2Cl 
+ HNO3 = + H20 


NO2 


same location. Nitration of 4-chloro-3-methylbenzenesulfonyl chloride 
gives a 90% yield of the 5-nitro compound.’® 

A number of substituted nitronaphthalenesulfonyl chlorides have 
been obtained by nitration reactions.*® 

Sulfone Formation. Sulfonyl chlorides react readily with aromatic 
hydrocarbons and some of their derivatives in the presence of alumi- 
num chloride to give sulfones.’** The presence of a substituent in the 
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sulfonyl chloride nucleus has considerable effect upon the rate at which 
the reaction occurs,}** the methyl group increasing the rate and halo- 
gen and nitro groups decreasing it. In the following series the groups 
are placed in the order in which the corresponding sulfonyl! chlorides 
react. 


p-CHs > o-CHs > m-CHy > H > p-Cl > o-Cl > m-Cl > m-NOz > o-NO2 > p-NOz 


SULFONYL BROMIDES AND IODIDES 


Tn contrast to the sulfonyl chlorides sulfonyl bromides and particu- 
larly the iodides have been investigated but little. 

Sulfonyl bromides have been prepared by three methods. Treating 
an aqueous solution of an alkali sulfinate with bromine water *** pre- 
cipitates the sulfonyl bromide. p-Thiocresol, 2,4,6-tribromothiophenol, 


CeHsSO2Na + Bre — CeHsSO2Br + NaBr 


and dithiohydroquinone have been converted into sulfonyl bromides 
by the action of bromine in acetic acid or water.1*¢ 


p-CHsCcH4SH + 3Bre + 2H20 — p-CH3CeH,SO2Br + 5HBr 


By the action of one molecule of phosphorus pentabromide upon an 
alkali sulfonate the sulfonyl bromide ?*7 results in varying yield. An 
excess of phosphorus pentabromide converts the sulfonate into a disul- 
fide.18*> This may be accounted for as follows. 


PBrs = PBr3 + Bre 
2ArSOe2Br + 5PBr3 -> ArSSAr + 4POBr3 + PBrs 


It had previously been reported ***/* that brominated a-naphthalene- 
sulfonyl bromides were converted into dibromonaphthalenes by the 
action of phosphorus pentabromide. It has been mentioned earlier 
(see p. 500) that sulfonyl] chlorides of the naphthalene series are more 
readily converted into chloro- compounds than are benzene deriva- 
tives. In the work of Kohlhase *** phosphorus tribromide was found 
to act as a reducing agent towards a-naphthalenesulfony! bromide but 
the effect of the pentabromide was not reported. A remarkable re- 
action was reported by Gessner ?® who found that phosphorus penta- 
chloride converts sodium 4-bromonaphthalenesulfonate into 4-chloro- 
naphthalenesulfonyl bromide. 

The sulfonyl bromides are oils or low-melting solids. The ecrystallo- 
graphic properties have been determined for a number of halogenated 
benzenesulfonyl bromides.®° The chemical properties of the sulfony] 
bromides are undoubtedly very similar to those of the chlorides al- 
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though there is little evidence on this point. p-Toluenesulfonyl bro- 
mide has been reduced to p-thiocresol.*** p-Bromobenzenesulfony] 
bromide reacts with aluminum bromide in carbon disulfide to give a 
sulfinate **7# and bromine. Bromine also is evolved when a sulfonyl 


p-BrCeH4SO2Br + AIBr3 fod p-BrCeH.SO2AlBr2 + Bre 
bromide is heated with sulfuric acid. Sodium phenylacetylide reacts 
with a sulfonyi bromide to yield phenylbromoacetylene.1*** 
Sulfonyl iodides have been prepared in only one way, by the action 
of iodine upon an alkali sulfinate in alcohol solution.?° 


CeHsSO2Na + Te — CeH;SOe2I + Nal 


In contrast to the chlorides, a sulfonyl] iodide is converted by aqueous 
potassium hydroxide into the potassium sulfinate and potassium 
iodate.°° Shaking with silver powder in an anhydrous solvent 


3CeHsSOzI + 6KOH — 3CeHsSO2K + 2KI + KIO3 + 3H20 


yields the sulfonic acid and thiosulfonate '°° instead of the anticipated 
a-disulfone. Diethylzine yields the zinc sulfinate.1° 


2CeHsSOeI + (C2Hs)2Zn — (CeHsSO2)eZn + 2C2HsI 


p-Toluenesulfonyl iodide reacts slowly with di-p-tolylmercury to 
give p-tolyl sulfone.** Some mercuric iodide was formed indicating 


C7H7SOeI + (C7H7)2Hg —> (C7H7)2S02 + C7yH7Hgl 
that both p-tolyl groups reacted. 
C7H7Hgl + C7H7SOe2I — (C7H7) 2802 + Hgl2 


Sodium acetylides react as they do with sulfony] chlorides and bro- 
mides to yield iodoacetylenes.1#* 


CeHsC==CNa + CeHsSO2I — CesHsC==CI + CeHsSO2Na 


ALKYL SULFONATES 


Preparation and Physical Properties. The preparation of alky] sul- 
fonates by the action of sulfonyl chlorides upon alcohols, preferably 
in the presence of sodium or potassium hydroxide or of pyridine below 
15°, has been described previously (see p. 507). Either of these pro- 
cedures usually gives 70-90% yields. Several other methods of con- 
siderably less usefulness have been described in the literature. Heat- 
ing the silver salt of a sulfonic acid with methyl! or ethyl iodide con- 
verts various substituted naphthalenesulfonic acids into the corre- 
sponding esters. A related method consists in heating an alkali sul- 
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ArSO3Ag + CH3I — ArSO3CH3 + AglI 
fonate to 150-160° with methy] or ethyl sulfate. Oxidation of an al- 


ArSO3Na + (CH3) 2504 _ ArSO3CH3 + CH3NaS0O4 


kyl sulfinate in acetic acid or benzene by adding an aqueous solution 
of potassium permanganate or hydrogen peroxide gives the sulfonate 
in fair yield. 


38ArSO2C2Hs + 2KMnO.g + 2CH3;COOH —_ 
3ArSO3CoHs + 2MnOe2 + 2CH3COOK + H2O 


Compounds which were believed to be esters of sulfonic acids have 
been obtained by the action of diazomethane upon some aminoazoben- 
zenesulfonic acids.1*¢ The strong alkylating action of alkyl sulfonates 
suggests that these are actually quaternary ammonium salts rather 
than esters, however. Attempts to prepare esters of sulfanilic acid 
resulted in failure* p-Toluenesulfonates of desoxycorticosterone and 
similar ketols ?» have been made from the corresponding diazo ketones 
and p-toluenesulfonic acid. 

Heating phenol with methyl] sulfate results in a complex series of 
reactions which produces a fair yield of methyl p-anisolesulfonate.? 


CeH;0OH + (CH3)2804 — p-CH30CeH48O3CH3 + H20 


One example of obtaining an alkyl sulfonate by the action of a sul- 
fonic anhydride on an alcohol is on record.** Cyclohexene oxide adds 


(CeHsSO2)20 + C2oHs0H — CeHsSO3CeoHs + CeHsSO3H 


p-toluenesulfonic acid in ether *® to give the monosulfonate of the 
trans glycol in 90% yield. The reaction is not satisfactory, however, 
with cyclopentene oxide. It has been claimed in the patent literature 4 


CeHj00 + p-C7H7S03H —_ CeHi0(OH)O3SC7H7-p 


that alkyl] sulfonates may be obtained by the action of a sulfonic acid 
with olefins. No pure products were isolated, however. No tertiary 
alkyl] sulfonate has been prepared by any of the available methods. 

In Table XVIII are listed the alkyl sulfonates together with the 
methods by which they have been made and their common physical 
properties. In the second column under Method of Preparation I re- 
fers to the reaction between a sulfonyl chloride and an alcohol, II to 
the reaction of a silver sulfonate with an alkyl iodide, III to the sodium 
sulfonate-alkyl sulfate reaction, IV to oxidation of a sulfinate by 
potassium permanganate, and V to miscellaneous methods. 


516 DERIVATIVES OF SULFONIC ACIDS. 1 


TABLE XVIII 


ALKYL SULFONATES 


Method of MLP., BP., 

Formula Preparation °C. °C. (mm.) 
CsHsSO03CH3 Js 2 > 198) 129 TTT 4 154 (20) 
CeHsSO3C2Hs Jide ts be ee gactecavy, ou 156 (15) 

IjI,¢ 1v" 
CeHsS03C3H 7-n Tie tie ewes 162 (15) 
CeHsSO3C3H 7-i80 8 - reapentetachestns- Giasbdcerwarenrecease 
CeHSO;CH2CH=-CH, J 82 8 eee ee Dec. 186 
CeH;S03CH.CII.C) Tin sash aide ae 184 (9) 
CeH;SO3CH,CH2Br J handed 186 (16) 
CsH;SO3CH2CH,0C2Hs [13 Be cate pon 180-190 (10) 
CeHsSO3CH (CH2Cl)2 [%: 36 50 200-205 (20) 
CeH,SOsCioHiy (menthyl) J8: % 100 80 Dec. 
CeHsSO3CH2CeHs Js. 38 59-60 Dec. 125 
CsH,SO3CH (CeHs)COCeHe 338 99-100 eee eee eee 
(CegHsSO3C He) js 49-50 190 (1) 
p-ClCel 14SO3CII3 i 50.5 165-166 (15) 
p-CICeH,SO3CoHe Ih 25-26 171-172 (15) 
p-BrC6H.SO3CH3 i 60 176 (15) 
p-BrCeH«SOsCoHs i 39.5 181-182 (15) 
p-BrCgH«SOsCioHai-n qu 43-440 eee 
p-BrCegH4SO3C 1 2Ho5-n yu AQ scent alesse anh Bs 
p-BrCsH«SOsCigHap-n qu SY8> sea athe Bde 
p-BrCeH,SO3CisHa3-n yu 60, hae eda tera ass 
p-BrCeHySOsCiaHa7-n yu 64-65 wee eee 
p-I1CgH,SO3CH3 J2 CE og ecb 
p-ICeH«SO3CoHs jv DY, eet tries Mite eck 
2,5-CleCeHsSO3sC H3 ys Oo vice dado ons 
2,5-CleCgHsSO3CoHe to W300 ala edaesices 
2,5-CleCeHsSO3;CsH yn ys 46. ht dade eda ate 
2,5-CleCeH;SO3CyHo-n ys SE need ner 
2,5-CleCgH3503CeH 19OH-2-trans V2 134 aed ge seaciae 
2,5-Br2C6H3SO03CH3 Is GOB. ae ataseiins 
2,5-CleCgeH3SO3CeH pOOCCH3-2- V2 VIO’ — * . Haeelalbecnes 
trans 

2,5-ICICgH3SO3C2H¢6 th Bie ita tahalse 
2,3-12.Ce6H3SO3CH3 J TOK eh aie ek gad 
2,3-I12,CeH3SO3C2Hs Js 0 Cot |. a 
2,4-IeCeHsSO3CH3 y's 18). eetoessl eed ane 
2,4-I2CeHsSO3C2He ys LY cert eer are 
2,5-IpCgH3SO;CH3 qu 106, Gb eee 
2,5-IgCeHsSO3CoHs [18: 18 V20°5> ethics batten 
3,4-IeCeH3SO3CHs js OS Sates ete ado 
3,4-IeCeH3SO3C2H, J's: 18 825 Bh keasdintie sas 
3,5-IgCeHsSO3CH3 Js 95 settnnaushads 
3,5-IpCgHsSO3CoHe Jié VID 8 A deat 


2,3,5-I3Ce6H2SO3CH3 Jis Wi" 0 ei Bee el 
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TABLE XVIII (Continued) 


Method of 

Formula Preparation 
2,3,5-I3CgH2SO3CoHs5 is. 18 
2,4,5-IsCgH2SO3CH3 J's 
2,4,5-I3CeH2SO3C2Hs5 J's 
3,4,5-I3CgsH2SO3CH3 ps 
3,4,5-I3CeH2S03C2Hs5 ys 
m-C2HsOCgHygSO3CoHs ys 
p-HOC.H«SO3CH3 vis 
p-HOCgI1,8O3C2H5 H7 78 
p-CH30Ce¢H4SO3CII3 yus 
p-CeHsCOOCgH«SOgCH3 yus 
p-CH3COOC.H,SO3CH3 yus 
3,5,4-Bre(HO)CegH2SO3CH3 ys 
3,5,4-Bre(HO)CegH2S803C2H5 y" 


4,3-HO(CH30COO)CeH3803CH3 V8 
4,3-CH3COO(CH30COO)C.H3- V8 


SO,CII3 
o-O2N CgH,SO3C2H, Js 
m-OaN CeH4SO3C2H5 Js, 39 
p-OoNCeHSOzColl 5 ]39, 109 
o-OpNCeHs803CipH 15 (J-menthyl) I* 
m-O2N CelIgSO3C 10H 19 Jus 
p-OoNCellSO3C 9H 9 J+: 109 


3,4-O2N (CH30)CeH3S03CHs3 y* 
o-(CH3)2NCgHsSO3CH3 ITT 


m-(CH3)2NCsHuSO3 


CH3 ITI* 


p-(CH3)2N CeH4SO3CH3 III* 
p-CH3NHCeHyNoCeHySO3CH3 ~—ITI® 


p-(CH3)2N CeH4N2C 
o-CH3C.H.S03C 10H 


CH;- 
CoHe- 


CICH2CH:- 
BrCH.CH2- 
n-C3H7- 
CICH2CH2CH:z- 
tso-C3H7 ; 
(CICH2)2CH- 
n-C,Hy- 
t30-C4Hy- 
sec-CHy- 
n-CeHy- 
tso-CgH);- 
(C.H,)2CH- 


ell4SO3CH3 ITI” 
rt) I 


196-197 
146-147 
65 
68 


15 
42 


ee ay 


113 (dec.) 
125 
78 


p-Toluenesulfonates, Alkyl or Alkylene Group 


J? 23, 105 


28 


J, 21, 23, 24, 28, 27,1186 BD 33 


Ty 


J 2» 0. 37, 108 
Jo 

[aie 32, 4 
30. 33, 107 
ja 

js 

[1. 31, 34, 108 
ja 

Ia ]ve 
ja 

jie 


[s 


Pe ee 


a es 
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er a 
wee w ene e mene 
ey 


292 (760) 
173 (15) 


210 (21) 
208 (5) 
154-156 (3) 
188-192 (5) 
180-210 (13) 
169 (4) 
163-165 (3) 
95 (0.1) 
169-170 (3) 
156 (0.06) 
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TABLE XVIII (Continued) 


Formula 


n-CeHis- 
n-CsHi3CH (CHs)- 
n-Ci2Hos- 
n-Cy4Heoe- 
n-C6H33- 
n-CygHar- 
HOCH.CH.- 
C2H;OCH.CH:- 
CICH:CH,OCH2CH.- 
n-C,HgOCH.CH:- 
CsHs;0CH.CH:- 
m-ClCgH,OCH2CH:- 
p-ClCsH,OCH.CH:- 
8-CioH;OCH2CHz- 
CaH;CH20CH2CH2- 
CeHsCOOCH.CH:- 
C2He- di 
CH;CHOHCH: 
CsHsCH2OCH2CH(CHs)- 
CesHsCH20(CHg)s- 
CsH;CH20C(CH3)2CHe- 
HOCH:CHOHCH?- 
(CsHeCH20CH,2)2CH- 
CH,=-CHCH,- 
CH;00CCH(CHs3)- 
(+)C2HsO0OCCH(CHs)- 
CICOCH(CHs3)- 
NH.COCH(CHs)- 
(CH3)2NCOCH(CHs)- 
(C2H6)2NCOCH(CHs)- 
CNCH.CH-- 
C,H;00CCH,CH- 
C2Hs0C(==N HeCl)CH2CHe- 
CH;,00CCH(CeHj1)- 
CeHsCH- 
CsHyCH(CH3)- 
CsHsCH2CH(CH;)- 
CeHsCH(NH:)CH (CeHy)- 
CH2z—CHCH3 


Method of M.P., B.P., 
Preparation °C. °C. (mm.) 
p-Toluenesulfonates, Alkyl or Alkylene Group (Continued) 

PRR adc casita des < 145-150 (0.05) 
4  Rephyretardienavaen ce guelgcn venues Sar 
qu BO | BG arecieleasy 
yx BB tan etacbla te aantelioss 
qu 49 4 “Sade antec 
ju B65. Sete utes 
[us OU a ated eng 
Thee ecaprg atetocs 186-187 (3) 
[use Ole aks dee aie ocbs 
jue Ol esata Me tees 
I. ue 75,8000 see eeeeeeeees 
1" ST See aeieas 
1" TO ieee gapdratere Odie 
I” 906 tides Tees 
125, 126 BB ah SS 
yus (4-760 0 eked 
jus W26 eae asaie 
ps 4B hed a eeceetentet 
[1% cn ae eres ar 
125, 126 OF eaters 
y's Sf. 0 atheagerdtes 
p7 63-64 eee eee 
[13.126 “Amorphous” ..........05- 
TH 2 stealer 148-150 (3) 
l= Ape Aatiutersayen” qavane idee Taaaste tes 
TV a aye 138 (0.1) 
Vi iaketilitvaatebas® Warsaw ds eye d's 
Vines ncldee heat - Taceead ddan Paiste heats 
VBS  F eetaretnalereients odie Pagan Nate’ 
Ve iad tae Scan. Gara Pisticornacelaacits 
I” 64 187-189 (0.5) 
VE palate tueles 167-169 (0.2) 
va TOL 8%. catereta Sieceatsue totes 
Di RED te  Soibeid ata ahaaeatanes 
I: &. 98 55,58 cece ences 
TVG esata Sa segae Cae ets asa wears 
Ja @ Of 0 a eraateueetduate 
ys 142-145 cate aceee 
ps 27-28 nas biavises 


dl-a-CHe CH— 
X / 
CH,—CHg 
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TABLE XVIII (Continued) 


Formula 


Method of 
Preparation 


M.P., 
°C. 
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B.P., 
°C. (mm.) 


p-Toluenesulfonates, Alkyl or Alkylene Group (Continued) 


CH(CH;)—CH2 

Z X 
dl-c-CH2 CH— 

\ / 

CH: ——-—CH, 

CH(CHs3)—CH2 

a X 
l-a-CH, CH— 


/ 
Nou, CH, 
f 


CH(CH3)—CHz 
dl-8-CH2 CH— 


\cu, CH: 
CH: ——CH 
Pa 2 


trans CH2 Ncu— 


\cHOH—CHOH 


CH:———-CH2 
trans CH2 Ncu— 


\cHOAcCHOAc 


trana-CeH(di-) 
cis-Cglt 10 (di-) 
l-Menthyl 

dl-Bornyl 

d-Borny] 

trans o-CgHi;-CeHip 
cis a-Decalyl 

trans a-Decalyl 
Cholesteryl 

Sitostery! 
Stigmasteryl 
a-Ergostenyl 
Ergostany! 
Cholestany! 
Sitostanyl 

a-G,H30- CH,-(furfuryl) 
a-C,H70-CH2- 
O[CH(CHs)CH2},CH- 
Cinchoniny! 


2,3,5-HO (Br) (CHs)CeHsSOsCHg 


yise 


yu 


I, Vi» | 


Cresol Derivatives 


I* 


2,3,5-HO(Br)(CHa)CeH2803CxHs I 


4,3-HO(CHs)CsHsS0:CHs 


yus 


46-47 


36-37 


71-72 


78-79 


109 
128 .5-129.5 
97, 91-92 


eer nr serene 


ee 


Pe a 


ee ee ee 


a 


er 


seer owner one 


a) 


er re ery 


ey 


oY 


ey 


Se aes 


a 


a 


ee ere eee sone 


er ey 


oD 


ee ce 


re oe 


Seren meme nene 
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TABLE XVIII (Continued) 


Method of M.P., B.P., 
Formula Preparation °C. °C. (mm.) 
Cresol Derivatives (Continued) 
4,3-CH3COO(CH3)CeH380;CH3 V8 S650 02 eee Hae Bind 
4,3-CsHsCOO(CH3)CegHsSO3sCH3 V8 B20” ee trices kanes 
4,3-CH3;0(CH3)CgHsSO3CH3 vue 1 y (Cr eo eRCn eer 
4,3,5-HO(CII3) BrCeH2SO3CHs3 I,® Vus 141-1438 wee 
4,3,5-HO(CH3)BrCeH2SO3C2H, I sO ere eee 
5,2-HO(CH3)CsH3SO3CH3 yus i (| re or ree Tere 
§,2-~CH30(CH3)CsH3SO3CH3 yus WO _aleaeieietuied 
5,2-CsHsCOO(CH3)CeH3S03;3CH3 V8 GBie 2 | Behe e Ventas 


Benzoic Acid Derivatives 


2-CsH,(COOCH3)SO3;CH3 FE, eles Stained Seabee dadnda eae cen Be 
2-CsgHy(COOCH3)SO3C2Hs TE: 5 0s Sedaeaty lee ad Tpeeleatinesakies 
2-CgH,(COOC.Hs)SO3CH3 TTS ie ta Meta, —dudiatama anata saab 
2-CeH4(COOC2H;)SO3C2Hs Te  —. tvyeetased sede. d 212-213 (21) 
5,2-O2N CeH3(COOCH3)SO3C2Hs = II G8! asta. Heed 
5,2-O2N CeH3(COOC2Hs)SO3CH3 = II® SO 3G oe ass 
5,2-OoNCeH3(COOC2Hs)SO3C2Hs II 65-66 eee ee 
5,4,2-OoN(CH3)CeH2(COOCHS)- II* 04:6: ° Watdaunsecds 
SO3CH3 
3-CeH4(COOH)SO3CHs II‘ 139-140 ww eee 
3-CeH4(COOCH3)S03CH3 III¢ 82-3838 eee 
6,3-BrCsH3(COOH)SO;C2Hs5 yu BA ie ea Deccan 
6,3-BrCgH3(CON H2)SO3CoHs ys 5 er ebiglesenk 
6,3-HOCgH3(COOC2H5)SO3C2Hs IT 56 Bb ieee atteeldecs 
4-CgH,(COOH)SO3CH3 II* 195-196 iw eee eee 
4-CgH,(COOCH3)SO3CH3 II, HI# 88-90 cee eee eee 
3,4-Oe2NCsH3(COOH)SOsCH3 II* 140-1420 kee 
3,4-O2NCesH3(COOCH3)SOsCH3 __—C‘IT* 86-87 kee eee ee 
2,5,4-CH3(O2N)CgH2(COOCH3)- I 302-305 (dec.) ............ 
SO3CHs3 
Di- and Trisulfonates 
1,3,5-CgH3(SO3C2H¢)3 I,75 IT WE ate Stauds 
Biphenyl and Benzophenone Derivatives 
4-CsH;CeH4SO3CoH, I, II@ 73-74 ccc een 
4,4’-OoNCgHiCeH.SO3CoHs I, 7 168-169 we eee 
3,3’-(CgH4SO3CHs3)2 ITI" 3825. ode dnd Deociesis 
2-CgHgCOCgH,SO3C2Hs5 J# 125.5-126.5 ............. 
Naphthalene Derivatives 

1-CygH7SO3CH3 I,™ III” yf: a ee 
1-CyoH7SO3C2Hs5 18 30 131 (0:) 


1-CigH7SO3CyoHig (-menthyl) Tie rtpuats Sea eataee’. gttleeia tse ests 
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TABLE XVIII (Continued) 


Method of M.P., B.P., 
Formula Preparation °C. °C. ‘mm.) 
Naphthalene Derivatives (Continued) 

2-C10H7S03CH3 1,8 ITI? 56. eed 
2-CyoH7803C2Hs5 13 11-12 134 (0.-) 

2CyoHSO3CioH jo (/-menthyl) po VW4-1168. 0 ein eas 
4,1-FCipHsSO3C2Hs II* oS eer eee fe eee 
5,1-F Cio HsSOsCHs II* V8 seh pieee Fathi 
5,1-FCyHgSO3C2Hs IT 19 he cece aad 
4,1-ClCipHsSO3CH3 1987 B38, ae eneekleetys 
4,1-C1C\)H.SO3C2Hs Il* 106-000 Peter datos 
5,1-ClCypHsSOsCHs II® SB 2s haga teria 
5,1-C1C\pHgSO3C2Hs Ir* 465 ha S bead 
6,1-CICipHeSOaCaH, TI 11455 ita eh Pee dh 
7,1-C1C\pH.SO3CH3 II" WG-0 tnstbnniegaune els 
8,1-C1CjoHsSO3CH3 9h MO" tae nde Bt 
8, 1-C1IC yp HeSO3Coll, ITs 6E:8 > ehh badd. 
1,2-C1CjpH.SO03C2Hs ITs. 68 104-105 she ihe leatets 
4,2-C1C jo HsSOsC2H, IT® M6 6 Sree acdinSa lees 
5,2-ClCipHpSO3C2H¢5 II* VW Gai ee 
6,2-C1CjoHeSO3CH3 9S) 80h Roe Sas 
6,2-C1C jo HgSO3C2Hs 48 SS Sr er cre Sere. Cites eitemaelMarecers 
7,2-C1C jpHeSOsCH3 Il" BO — ei ate ties 
7,2-C\C jp HpSO3C2H5 ITs 6B © aba erecta 
8,2-CIC;o0HpSO3C 2H, ITs DO ghana vattingss os 
4,5, 1-CleCio HsSO3C2H5 I 106° ht egisdoads 
4,7,1-CleCioHeSO3CHs IT iy}! rr re tea 
4,7,1-CleCioHpSO3C2Hs IIs 1045 - haat an econ 
7,8,1-CleCio HpSOsC2Hy IT Va xe eee ended 
5,6,2-CleCioHsSOsC2H5 IT L280 haute gcaadeatgas ts 
7,8,2-CleCyoHeSO3CeH5 TI 28. ca bevewteck gene age 
5,1-BrCjoHsSO3CH3 I" Y { nS Pre ear ee a 
§,1-BrCjoHsSO3CoHs TT 6 BY: aleve seatdadlinca es 
5, 1-BrCjoHpSO3C3H7-n II" B7-$8 lk eee 
5,1-BrC>HpSO3CsH7-180 II 1 {aes eee eee 
§,8,2-BreCioHsSO3CaHs [@. & 186-157 we eee 
5,1-IC jo HsSO3CH3 Ti" 59-60 wee eee 
5,1-ECypHgSOgCoHys IT yd: oar Sear ge 
5,1-ICjgHsSO3C3H7-" Ir 6F 0 eae hae 
5,1-ICjpHsSOs3CH(CHs)2 IT’ 90. ee eee eds 
4,1-OsgNC,oH.SO3CH3 II# » ty nC ee rere cs 
4,1-OzNCyoHsSOsC2H5 IT* 9S ig lleadcigadles 
5,1-OgNCoHeSO3CHs [7 L175 dete 
5,1-OsgNCyoHpSOsC2H5, II®: 87 101-1020iw ese 
8,1-O2NC\oHsSOsCHs uy bo OR erent 
8,1-OsNCyoHsSO3C2Hs I pO: ee reece cr 
4,2-O2NCioHsSO3CzHs IIe W145 ose Seatac 
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TABLE XVIII (Continued) 
Method of M-P., 


Formula Preparation °C. 
Naphthalene Derivatives (Continued) 
§,2-OsNCyoHeSOsC2Hs JI & 114-115 
8,2-O2NCioHsSOsCoHs TI®: @ 106 
5,6,1-O2N (Cl)CioHsSO2C2Hs II# 110 
8,7,1-O2N (Cl)CicoHsSO0sC2Hs Il# 181 
1,8,2-O2N (Cl)CyoHsSOsC2Hs II® 124 
5,1,2-O2N (Cl) CoH SO3C2H5 1 116 
5,6,2-O2N (Cl)CioHsS03C2Hs II" 139 
5,8,2-O2N (Cl) CioHsSOsCoHs II* 89 
8,5,2-O2N (Cl) CyoHsS03C2Hs Iy# 123 
8,7,2-O2N (Cl) CioHsS0sC2Hs IT! 184 
4,5,2-(O2N)2CioHsSOsCoHe II® 153-154 
1,5-CipHo(SOsCHs)2 I» 205 
Acenaphthene Derivatives 
3-Cy2HpSOsCHs II? 122-123 
3-CizHSOsC2Hes We 87-88 
Anthracene and Phenanthrene Derivatives 

2-CsHy(CH)2CsHsSOsCHs ya 157 
2-CsH4(CH)2CeHs803C2Hs ja 160 
2-CeH,(CH-CH)CsH3SO3CHs 1,8 III" 96-98 (101.5) 
2-CeH,(CH-CH)CeHs803CoHs 1s 88.5 
3-CgH,4(CH-CH)CsH3S03CHs I,?3 TI" 119-120 
3-CsH,(CH-CH)CsHsS0sC2Hs Ie 107-108 
9-CsHy(CH-C-)CgH,SOsCHs ITI" 106 
9-CsH,(CH-C-)CaH,SO3sC2Hs IT" 108 
9,3-CeH4(CCI-CH)CsHs803CHs ‘ITI 172-172.5 
9,3-CaHa(CCI-CH)CgHsS0sC2H, III* 182.5-183 
9,3-CsH,(CBr-CH)CsH3SO;CHs  III® 172.5-173 
9,3-CsH4(CBr-CH)CsHgSO3C2Hs ITI™ 173-173.3 
10,3-CsHy(CH-CBr)CsH3SO3CHs ITI” 158 
10,3-CsH3(CH-CBr)CgH3S03C2H¢ TII™ 143.5 (184) 
2-C6H4(CO)2CeHsS0sCHs yn 123 
2-CeHy(CO)2CeHsS0:CoHs Ja 125 
3-CgH,(COCO)CsH3S03CHs Oxid.™ * 235 
2-CeHy(COCO)CeHsSO0gCHs Oxid.™ 196-197 
CosH7Br(SOsCHs)2 “TIT 294-205 
A-retene-SOsCHs III* 164-166 


B-retene-SO;CH3 III" 117-119 
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The tribenzenesulfonate and p-toluenesulfonate of glycerol have 
been obtained ®> by action of the sulfonyl chlorides upon the mono or 
disodium derivatives of glycerol. The preparation of p-toluenesulfo- 
nates of the carbohydrates has been mentioned under reactions of sul- 
fonyl chlorides. 

Reactions of Alkyl Sulfonates. The alky] sulfonates are easily hy- 
drolyzed and pyrolyzed and show a strong alkylating action toward 
various types of organic compounds. They resemble the alkyl sulfates 
except for a greater tendency toward formation of reduction products. 
Unlike the alkyl halides (except methyl] iodide) reaction with a Grig- 
nard reagent establishes a new carbon-carbon bond rather than pro- 
ducing disproportionation products. Toward most reagents the sul- 
fonates are more reactive than the alkyl iodides and hence alkylations 
with them may be performed at lower temperatures, reducing the 
chance for side reactions. Since only one of the alkyl groups of an 
alkyl sulfate is reactive, alkyl sulfonates are more economical for al- 
kylations where the alkyl group is expensive. A number of alkyl 
p-toluenesulfonates are now available for laboratory use and several 
have become comparatively inexpensive reagents. 

Pyrolysis Reactions. The thermal decomposition of alkyl sulfo- 
nates, except for the methyl esters, gives rise to the sulfonic acid and 
an olefin or its polymerization product. Methyl benzenesulfonate and 
p-toluenesulfonate distil practically without decomposition at 280° 
and 290°, while ethyl benzenesulfonate gives benzenesulfonic acid and 
ethylene almost quantitatively. Olefins are the chief products ob- 
tained from f-chloroethyl and £,6’-dichloroisopropy] benzenesulfo- 
nates but the yields are lower. Allyl and benzy] esters on the other 
hand give polymeric products. If the decomposition of the benzyl 
ester is carried out in an aromatic compound as solvent benzylation 
may occur. The reaction goes best in the range 110-140° and is exo- 
thermic. Refluxing benzyl benzenesulfonate with excess benzene yields 
diphenylmethane together with a small amount of o- and p-dibenzyl- 
benzenes. Phenol is converted chiefly into o- and p-benzylphenol to- 
gether with a little phenyl benzyl ether. Toluene and anisole yield 
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85 and 77% respectively of the p-benzyl compounds. In nitrobenzene 
only benzenesulfonie acid and a polymer of the benzylidene group 
could be identified. Ethylene dibenzenesulfonate is converted into 
acetylene and acetaldehyde, the latter probably coming from second- 
ary changes. Adding sulfuric acid or benzenesulfonic acid to an ester 
greatly lowers the temperature at which decomposition occurs. Allyl 
and particularly benzyl benzenesulfonate decompose upon standing at 
room temperature, the acid formed accelerating the change. 

Menthyl benzenesulfonate decomposes when heated for 6 hours at 
85-90° to give a mixture of products 7* from which were isolated hexa- 
hydro-p-cymene, a dimenthene, and a higher polymer, besides ben- 
zenesulfonic acid. In toluene solution the reaction is simplified, the 
dimenthene being the chief product. When the decomposition is ef- 
fected by distillation the menthene escapes the polymerizing action of 
the sulfonic acid and is obtained as such.”*> The decomposition of the 
a- and £-naphthalenesulfonates gives analogous results. Bornyl esters 
yield, besides camphene, dibornylene and more complex materials. 

Hydrolysis. There is considerable contrast in the behavior of alkyl 
sulfonates and esters of carboxylic acids toward hydrolytic agents. 
Methyl] benzenesulfonate reacts with water at room temperature * some 
fifteen times as rapidly as does methyl] benzoate. The rate at which 
an alkyl sulfonate hydrolyzes is not appreciably affected by an in- 
crease in the hydrogen-ion concentration ® of the solution while for 
carboxylic esters the rate goes through a minimum in slightly acid 
solutions. If methyl benzenesulfonate is heated with even dilute hy- 
drochloric acid methy] chloride formation becomes an important fea- 
ture of the reaction. The rate at which this ester hydrolyzes in solu- 


CeH;sSOsCH; + HCl — CeHsSO3H + CH3Cl 


tions of various acidities has been reported in detail.° Ethy] benzene- 
sulfonate and undoubtedly also the higher esters are not as readily 
hydrolyzed as the first member of the series.” 

The action of aqueous ammonia on ethyl benzenesulfonate gives 
chiefly hydrolysis products ?* but a small amount of benzenesulfona- 
mide and of ethylamine were also found. Hydrazine hydrate produces 


CgHsSO3C2Hs + NH3 — CgHsSO2NHe2 + C2H;0H 
CgHsSO3C2Hs + NH3 —> CeHsSOs3NH3C2Hs 


complete hydrolysis in cold aqueous solution, the reaction occurring 
more rapidly than with ammonia."* 

In an investigation of the hydrolysis of ethyl p-bromobenzenesulfo- 
nate in acetone solution #* to which a small amount of water had been 
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added it was noted that the hydrolysis reactions as determined by 
titration of the solution were much slower in the presence of halogen 
acids and their salts than when water alone was present. It was found 
that this apparently slow hydrolysis was accounted for by side re- 
actions which used up the ester in the formation of alkyl halides. With 
1N hydrochloric acid the formation of ethyl chloride occurred nearly 
three times as rapidly as the formation of the ethyl alcohol. When 
allowance was made for these side reactions the hydrolysis rate ap- 
peared to be slightly higher for acid solutions than where water was 
used alone. 

A study * of the effect of a substituent in the aromatic nucleus upon 
the rate at which an alky!] sulfonate hydrolyzes demonstrated that a 
nitro group had a powerful accelerating influence while a para methyl 
reduced the reaction rate. The esters were dissolved in 30% alcohol 
containing a low concentration of alkali and the hydrolysis rates de- 
termined for 25°. The results are summarized in Table XIX. These 


TABLE XIX 
K Cale. for K Calc. for Alkalinity of 
Alkyl] Sulfonate Monomol. Reaction Bimol. Reaction Solution 
CsHsSO3C2Hy 0.00036 0.46 0.005 NV 
0.0073 eee 
o-OgNCgHiSO3CoHy | 0.0077 1.23 0.0017 NV 
0.0022 0.0017 NV 
m-OoNCsH«SO3C2Hs 0.0023 : 11.4 0.0035 N 
0.0026 0.006 NV 
p-OoNCeH,SO;3C2Hy 0.0026 19 0.0012 N 
p-CHsCeH«SOsC2H, 0.00019 = ..... 0.0017 NV 


data and those of a similar nature obtained for the reaction of ethyl 
p-bromobenzenesulfonate with alcohol (see next section) indicate that 
the commonly employed p-toluenesulfonates react much more slowly 
in alkylations than would various other sulfonates and that a com- 
parison of the usefulness of different esters would be worth while. 

Heating ethyl a«-naphthalenesulfonate with water to 150° results 
in complete hydrolysis ?* to naphthalene, sulfuric acid, and alcohol. 
Treating 8-chloroethyl benzenesulfonate with 0.1 N potassium hydrox- 
ide 1®° showed that the sulfonate group hydrolyzes three times as rap- 
idly as the chlorine while for 8,8’-dichloroisopropyl benzenesulfonate 
the chlorines are removed at the greater rate. This last ester is, how- 
ever, very resistant to hydrolysis and is only slowly attacked by boil- 
ing 30% sodium hydroxide. 

Undoubtedly the most readily hydrolyzed ester so far investigated 
is allyl benzenesulfonate.’ One would expect the benzyl ester to 
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show a similar behavior. Since it spontaneously decomposes in a few 
hours its propertics have not been fully investigated. 

Reaction with Alcohols. Alkyl sulfonates react with alcohols to 
give ethers or olefins depending upon the alkyl group and the alcohol. 


CsHsSO3CeHs + n-C3H7OH =? n-C3H70C2Hs + CsH;SO3H 


The ethcr reaction requires twenty to thirty days to become appre- 
ciable at room temperature ?* but goes to completion rapidly *®?° at 
100°. In Table XX is shown the variation in relative reaction rate 
with change of the ester and alcohol for a temperature of 100° with 
a molar ratio of alcohol to ester of 15.1% 


TABLE XX 
SULFONATES AND ALCOHOLS 


ALKYL BENZENESULFONATE Methyl Ethyl n-Propyl Isobutyl Isoamyl 


Methyl 3019 1562 1137 772 827 
Ethyl 2311 1130 816 498 546 
Tsobutyl 584 228 171 96 115 
Tsoamyl 608 268 195 123 137 


On the same basis, AK for allyl aleohol with ethyl benzenesulfonate 
is 649 and for benzyl alcohol 346. With trimethylcarbinol and di- 
methylethylearbinol olefins are formed. A study of the reaction of 
ethyl benzenesulfonate with various alcohols at room tempcrature ** 
gave results similar to those above, ether formation occurring most 
rapidly with methanol; ethyl, n-propyl, and isopropyl] alcohols react 
at about the same rate. The reaction is 15-25% complete at the end 
of thirty days. A comparison of the rates at which the ethyl esters of 
benzenesulfonic acid and the p-chloro-, p-bromo-, and p-iodo-com- 
pounds react with ethyl alcohol showed that the halogenated esters 
all react more than twice as rapidly as does ethyl benzenesulfonate. 
As already mentioned, this observation is important if the relation- 
ship holds for other alkylations. 

The conversion of alcohols into ethers by boiling with a sulfonic 
acid 7°? undoubtedly occurs through primary formation of alkyl sul- 
fonates. 

Alkyl benzenesulfonates react with sodium ethoxide to give ethers 
in yields that are at least as great as obtained with iodides. Ethyl 
p-toluenesulfonate reacts with sodium ethoxide,? potassium benzyl- 
oxide,?°° sodium methylbenzylcarbinoxide,?** and the sodium derivative 
of ethyl lactate?" to yield the corresponding ethyl ethers. Other 
ethers have been prepared in liquid ammonia by a similar reaction.? 
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The action of d-benzylmethylcarbiny] p-toluenesulfonate #1* with 
either sodium ethoxide or potassium carbonate in alcohol gives a levo 
rotatory ether. On the other hand l-menthyl], d-bornyl, and decaly] 
p-toluenesulfonates 74 are converted by sodium ethoxide or ethyl] al- 
cohol chiefly into menthene, camphene, and octalin respectively. An 
investigation of the reactions that occur when l-menthy] p-toluene- 
sulfonate is heated with potassium acetate in alcohol 2*¢ showed that 
in addition to the menthyl acetate (which was formed by Walden in- 
version) ethyl] menthy] ether and menthene were produced. The for- 
mation of the menthene was catalyzed by the sulfonic acid produced 
in the ether formation and was greatly reduced or eliminated in the 
presence of calcium carbonate. Heating £-decaly] p-toluenesulfonate 
(from the 75° £-decalol) with aleohol and calcium carbonate gave 
40% octalin and 60% ether while the ester of the 53° decalol gave 
75% octalin and 25% ether. For a discussion of these and other re- 
sults from a stereochemical standpoint the original papers 2°%4-¢ should 
be consulted. The effect of the configuration of the ester group has 
also been demonstrated in the sterols.22* The p-toluenesulfonates of 
cholesterol and ergosterol with methanol give the methyl ethers while 
the epi compounds are converted into unsaturated hydrocarbons. The 
relative rates of formation of various ethers were reported in connec- 
tion with this investigation. 

In the reaction between alkyl p-toluenesulfonates and alkoxymag- 
nesium halides 7° **> alkyl halides are formed at first instead of ethers. 


2C;H7SOsC2Hs + 2C2Hs0MgBr — 
(C7H7S8O3)2Mg + 2CoHsBr + 2(C2H50)2Mg 


The use of two moles of ester for one of the magnesium compound 
results in a further reaction and ether formation. 

The methyl ethers of glycerol @,y-dichlorohydrin, chlorobromohy- 
drin, and chloromethylin (CHs0CH2zCHOHCH,Cl) have been pre- 
pared by the action of methyl p-toluenesulfonate upon the alcohols.?® 

Reaction with Phenols. The alkylation of phenolic compounds is 
readily effected by dissolving them in an excess of 10% sodium hydrox- 
ide and heating the solution to boiling with slightly more than the 
equivalent amount of an alkyl] p-toluenesulfonate.* By this proce- 
dure the ethyl ester gives 80-85% yields of the ethers of phenol, the 
cresols, resorcinol, hydroquinone, guaiacol, the naphthols, and brilliant 
yellow (74% of chrysophenin). The yield with phenol is somewhat 
less in liquid ammonia.?*¢ Phenol in 25% alkali reacts with the propyl 
ester 2 to give only a 30% yield of the n-propyl ether, but since a 
73% yield of the n-buty] ether ** is obtainable in 10% alkali it seems 
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likely that a lower concentration of alkali would give better results. 
Propylation of phenol and 8-naphthol in acetone gives approximately 
70% yields of the ethers.?® 

Phenols containing one nitro group may be converted into the ethyl 
ethers in 90% yields ?* but di- and trinitrophenols and trinitroresor- 
cinol give no evidence of reacting even when a large excess of the 
alkyl sulfonate is used. In general other substituents which increase 
the acidity of the phenol reduce the ease of alkylation.** 

Although Finzi ** claimed that phenols were not alkylated satisfac- 
torily in alcohol solution others?*?5 have found the reaction to go 
very readily in ethyl or isoamy] alcohol when the phenol is present as 
the sodium or potassium salt. By this procedure Foldi?* prepared the 
allyl, 8-chloroethyl, and 8-bromoethy] ethers of a number of phenolic 
compounds, including morphine. The 8-chloroethy] p-toluenesulfonate 
gives up to 80% yields of @-chloroethyl aryl ethers 27° but 8-bromo- 
ethyl benzenesulfonate is an unsatisfactory reagent for preparing the 
8-bromoethy! ethers ** because at least one-third of the bromine re- 
acts producing glycol derivatives as by-products. 

Various ethers of apocupreine have been prepared by the action of 
the potassium salt in alcohol with esters of p-toluenesulfonic acid.?”® 

Monoalky! ethers of catechol have been prepared in 50% yields by 
adding 0.95 mole of potassium hydroxide to an alcohol solution con- 
taining one mole each of the phenol and ester.”* Condensation of 
B-cyanoethy] p-toluenesulfonate with resorcinol in the presence of 
zine chloride ?®* results in alkylation, ring closure, and loss of am- 
monia, the product being 7-hydroxy-3,4-dihydrocoumarin. 

Thiophenol and p-thiocresol have been converted into the ethyl, 
n-propyl, and n-butyl] aryl sulfides by reaction with the proper p-tolu- 
enesulfonates.?°: 28> 

Reaction with Ammonia and Amines. A 30% yield of methyl- 
amine ** has been obtained by warming methy] p-toluenesulfonate with 
5% alcoholic ammonia while the ethyl ester under the same conditions 
gives no more than a trace of ethylamine. Although the experimental 
conditions are not exactly comparable the alkyl benzenesulfonates 
give somewhat better results.12 l-Menthyl benzenesulfonate is not 
changed by warming with alcoholic ammonia, however.?™ 

Ethylamine reacts with ethyl! benzenesulfonate !* to give diethyl- 
ammonium benzenesulfonate but it has also been reported ** that al- 
coholic methylamine has little effect upon ethy] p-toluenesulfonate. 
Refluxing equimolecular amounts of n-butylamine and lauryl! p-tolu- 
enesulfonate in toluene solution for 6 hours produces a 49% yield of 
the secondary and 44% of the tertiary amine.*** The cetyl ester gives 
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analogous results. A substituted glyceryl p-toluenesulfonate yields 
the tertiary amine when treated with dimethylamine.?** 


CH20802C7H7 + 2(CHs)2NH ae (CHa)2 + C7H7SO3H2N(CHa)e 


| 
CH-—-O. — CH 

C(CH C(CH 
bes >C(CHs3)2 ae »C(CHsa)e2 


The p-toluenesulfonate of ethyl lactate reacts with alcoholic ammonia 
at 20° with formation of the amide of alanine.2** The reaction occurs 
with Walden inversion. 

Aromatic amines also are readily alkylated.2°° The reaction is 
strongly exothermic and gives a mixture of products. So far no rela- 
tionship has bcen found between the basic properties of an amine and 
the ease with which it is alkylated. As in other reactions allyl ben- 
zenesulfonate reacts with amines much more rapidly than do the alkyl 
sulfonates. Aniline has been converted into a mixture of mono- and 
dialkylanilines by treatment with ethyl * or n-butyl ** p-toluene sul- 
fonate; after heating the ethyl ester with a slight excess of aniline to 
175-185° for 1 hour ** the yield of ethylaniline is 88%. Similar 
results are obtainable for toluidines ** and a-naphthylamine ® with 
methyl! p-toluenesulfonate. An 80% yield of the dialkylaniline is pro- 
duced by heating one mole of aniline with two moles of n-propyl 
p-toluenesulfonate and potassium hydroxide.? «-Aminopyridine may 
be propylated or butylated in ether solution in the presence of soda- 
mide. Refluxing an acetone solution of anthranilic acid with methyl 
p-toluenesulfonate #* gives a 50% yield of the N-methyl compound 
besides unchanged anthranilic acid and higher methylation products. 
B-Chloroethy! p-toluenesulfonate reacts readily with aniline *” but the 
initial product has not been isolated, condensation to a piperazine tak- 
ing place immediately. From the reaction with methylaniline, how- 


p-C7H7S803C2H«Cl + CeHsNHe — CeHsNH2(C2HeCl)OsSC7H7 


H CeHs 
+ 
N Cl~ 
Zo 
CHe CHe 
2CeHsNHC2H,Cl _ | 
CHz CHa 
J 
+ 
H CeHs 


ever, a small amount of methyl-@-chloroethylaniline was isolated. 
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l-Menthy! p-toluenesulfonate does not act as an alkylating agent 
toward aniline or p-toluidine, menthene being formed when a mixture 
of the amine and ester is heated.?” 


p-CH3CeHaS03Ci0Hi9 + CoHsNHe — CioHis + CeHsNH3038C7H7 


When warmed with tertiary amines alkyl benzene- and p-toluenc- 
sulfonates readily yield quaternary ammonium salts. Thus methy]l,?* 
ethyl,?°* n-butyl,” or lauryl p-toluenesulfonate reacts with pyridine 
to give the alkylpyridinium sulfonate, and various alkaloids add the 
methyl] sulfonates.’*-?*-83¢ Methyl p-anisolesulfonate has been ob- 
served ? to yield quaternary compounds with hexamethylene tetramine 
and with alkaloids. The addition products of alkyl p-toluenc- and the 
naphthalenesulfonates with dimethylaniline '**! are obtained nearly 
quantitatively by heating the reactants to 100°. These addition com- 
pounds are excellent alkylating agents for phenolic compounds but 
do net react with alcohols. Diethylaniline decomposes d-borny] 
p-toluenesulfonate at 145-155° to yield camphene.2“ The reaction of 
d- or 1-2-octyl p-bromobenzenesulfonate with pyridine or trimethyl- 
amine yields an optically active quaternary ammonium salt.*!” 

Methy] benzenesulfonate ** and p-toluenesulfonate have been em- 
ployed to convert phenylmethylpyrazolone to antipyrene and theo- 
bromine to caffeine.'* #1¢ 

Reaction with Hydrazine. As noted earlier, hydrazine in aqueous 
solution yields chiefly hydrolysis products when allowed to react’ with 
an alkyl p-toluenesulfonate. In the absence of a solvent the ester of 
a primary alcohol group yields a substituted hydrazine while a sec- 
ondary alkyl ester gives this and unsaturated compounds.** 


CH:—~O. CH.—O. 
SCCHa)s | SC(CHs)e 
CH—O +NHe2NHe - ce 


| 
CH2038C7H7 CH2NHNH2038C7H7 


Inasmuch as aryl esters yield phenols and sulfinates when treated with 
hydrazine, conversion of lignin into a p-toluenesulfonate (CesHss026- 
N§s) in pyridine followed by a hydrazine decomposition should give 
an indication of the kind of hydroxyl groups present in the lignin 
molecule. The results suggest that there are four methoxyl, one phe- 
nolic, and four secondary aliphatic (or hydroaromatic) groups. Inves- 
tigation of the nature of the hydroxyl groups in other products has 
been carried out similarly.** 
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Reaction with Metallic Salts. Alkyl sulfonates react readily with 
salts of both inorganic and organic acids and some of these reactions 
serve as satisfactory preparative methods for the esters. 

Methyl and ethyl p-toluenesulfonates with aqueous potassium iodide 
give 85 and 67% respectively of the alkyl iodides under the same con- 
ditions.35 The yield of ethyl bromide is about the same as that of 
the iodide. In the preparation of methyl and ethyl cyanides and of 
nitromethane and ethane the methyl compounds were also always ob- 
tained in higher yields. In a comparison *? of n-butyl and cetyl 
p-toluenesulfonates in their reaction with an aqueous solution of po- 
tassium cyanide it was found that under identical conditions the yields 
of cyanides were 46 and 86% respectively, indicating the higher alkyl 
sulfonates to be more reactive or less subject to side reactions than 
those immediately above methyl. Further evidence on this point will 
be welcome. 

Heating methyl] or ethyl p-toluenesulfonate with potassium cyanate 
to 125° gives about a 30% yield of the pure alkyl isocyanate.*# 
Potassium thiocyanate reacts with allyl p-toluenesulfonate in aqueous 
solution '* to give a 40% yield of allyl isothiocyanate. Cholesteryl 
p-toluenesulfonate **’ undergoes a similar reaction. 

When £-cyanoethyl p-toluenesulfonate is heated (80-120°) with 
potassium carbonate, decomposition *** ensues with formation of a 
75% yield of vinyl cyanide (acrylonitrile). An even higher yield of 
ethyl acrylate is produced by a similar decomposition. 


2p-C7H7SO3CH2CH2COOC2Hs + KeCO3 — 
2C7H7SO3K + 2CH2e=—CHCOOC2H; + COz2 + H20 


Several salts have been heated with alkyl p-toluenesulfonates in 
ether solution.??® Reaction occurs readily with soluble salts and slowly 
with others. Magnesium bromide reacts with the buty! ester with 
precipitation of an 85% yield of magnesium p-toluenesulfonate. 
Ethoxy and phenoxymagnesium iodides give appreciable amounts of 
n-butyl iodide but the ethers were not isolated. The mixed salts, mag- 
nesium bromide p-toluenesulfinate and magnesium iodide S-naphtha- 
lenesulfonate likewise give some alky] halide while thiophenoxy mag- 
nesium iodide and N-methylanilinomagnesium bromide give both the 
alkyl halide and the alkyl aryl sulfide or amine. 


CeHsSMgI+2C7H7SO3CaHo — CoeHsSCsHo+CaHol + (C7H7S03)2Mg 


Esterification of an organic acid may be brought about by heating 
a salt of the acid, either alone or in solution, with an alkyl sulfonate. 
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After heating a mixture of sodium acetate dihydrate with n-butyl 
p-toluenesulfonate at 130-140° for 5 hours the yield of n-butyl acetate 
is 60%. When d-benzylmethylcarbinyl p-toluenesulfonate is warmed 
with alcoholic potassium acetate #}* a mixture of the acetate and ethyl 
ether results. An 80% yield of ethyl lactate has been obtained from 
the action of ethyl p-toluenesulfonate upon sodium lactate.??4 

Benzoic acid is readily esterified by dissolving in 10% sodium car- 
bonate and boiling the solution with methy] or ethyl] p-toluenesulfo- 
nate.* It is of interest to note that salicylic acid is readily converted 
into the ester in similar fashion without affecting the phenolic group 
while aminobenzoic acids are alkylated on the nitrogen. It seems 
probable that if a hydroxybenzoic acid were dissolved in two molec- 
ular equivalents of alkali, alkylation would occur to the greater extent 
at the phenolic group. 

By heating potassium phthalimide with @-chloroethyl p-toluenesul- 
fonate for 3 hours at 200° an 86% yield of the 8-chloroethylphthal- 
imide is obtained.” 

Reaction with Grignard Reagents. It was reported by Moreu * 
that the only products obtained when methy] benzenesulfonate reacts 
with a Grignard reagent are volatile sulfur compounds having a dis- 
agreeable odor and it was not until somewhat later 2° that the possi- 
bility of preparing hydrocarbons by this reaction was recognized. 
Ethyl] p-toluenesulfonate was found to react with phenylmagnesium 
bromide to give a mixture which upon hydrolysis yielded ethylbenzene 
and benzene. However, from the reaction of ethylmagnesium bro- 
mide ** with the same ester magnesium p-toluenesulfonate was the only 
product isolated and the l-menthyl and d-borny] sulfonates are con- 
verted into menthene and camphene when treated with a Grignard 
reagent, These observations demonstrated the dependence of the re- 
action products upon both the nature of the Grignard reagent and of 
the ester and led to a more detailed investigation of the reaction. The 
further observation that phenylmagnesium bromide reacts with the 
p-toluenesulfonate of ethyl lactate 2?%** to yield ethyl a-bromopro- 
pionate as one product was of value later in elucidating the mechanism 
of the reaction. Undoubtedly ethyl bromide was present in the mix- 
ture obtained from phenylmagnesium bromide and ethy] p-toluenesul- 
fonate, but it was not detected because its boiling point is practically 
the same as that of ethyl ether. It was not until the investigation of 
Rossander and Marvel * on the action of y-chloropropy] p-toluenesul- 
fonate with various Grignard reagents that it was discovered that an 
alkyl halide is always one of the products obtained and that two 
moles of the alkyl sulfonate are necessary to react with one mole of a 
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Grignard reagent. The first formulation of the reaction *° advanced 
to explain the various products is given below. 


(1) CH3CgH.SO3sR + R/MgBr _ CH3CeHsSOsMgBr + RR’ 
(2) CHs3CeH.SO3R + R’MgBr — RBr + CH3CeH.SO3MgR’ 
(3) CHsCeH4SO3R + CHsCeH4SOsMgR’ — 

(CHsCeH4S0O3)2Mg + RR’ 
If only one mole of ester is added per mole of Grignard reagent the 
amount of the hydrocarbon, RR’, produced will obviously depend upon 
the relative rates of reactions (1) and (3) as compared with (2). An 
alternative way of explaining the formation of the alkyl halide 22” is 
indicated by the following equation. If all the alkyl halide is pro- 
(4) CH3CeHsSO3MgBr + CH3CeH4SO3R — 

(CH3CgH48SO3)2Mg + RBr 
duced according to equation (4) it presupposes that there must be at 
least as much hydrocarbon formed as there is halide. This is not in 
accord with the results obtained in many reactions where only one 
mole of ester is used per mole of Grignard reagent. Thus ethy] lactyl 
p-toluenesulfonate with phenylmagnesium bromide gives no ethyl 
a-phenylpropionate to correspond to the ethy] a-bromopropionate pro- 
duced, and in general alkylmagnesium halides ***! yield no isolable 
amount of hydrocarbon under these conditions. The presence of the 
hydrocarbon derived from the original Grignard in the hydrolysis 
products may be accounted for by part of the reagent being unused 
or by the hydrolysis of the product obtained in equation (2). 


(5) CHsCeH4SO3MgR’ + H20 — CHsCeHaSOsMgOH + R’H 
In view of the results obtained by a study of the reaction between 
alkyl] sulfates and Grignard reagents (see Chapter I on alkyl! sulfates, 
p. 59), it seems probable that none of the above formulations is 
strictly accurate and the formation of hydrocarbons and halides is 
best accounted for by writing the Grignard reagent in the bimolecular 
form.*? Obviously the reactions of equations (6), (7), and (8) may 
(6) 2CHgCeH4SO3R + R’2aMg-MgBre > 
(CH3CoH4803)2Mg + 2RBr + R’2Mg 
(7) R’2Mg + 2CH3sCeHsSO3R — 2RR’ + (CH3CeHsSO3)2Mg 
(8) 2CH3CeH4SO3R + R’2Mg-MgBre — 
(CH3CeH4SO3)2Mg + MgBrz + 2RR’ 
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occur stepwise giving products the same as those of equations (1) and 
(2). The only important difference is that according to the last 
formulation the unreacted Grignard reagent is present in the solution 
as R4Mg rather than as the insoluble CH;C,;H,;SO;MgR’. By analogy 
with the behavior of the alkyl sulfates it is likely that this latter is 
present in only minor amount. 

The formation of an alky] halide and a hydrocarbon rarely accounts 
for more than two-thirds of the Grignard reagent or alkyl sulfonate. 
One side reaction which occurs to a variable degree results in sulfone 
formation.”“”** The extent of this depends upon the reactivity of the 


p-CHsCeHsSO3C4Hy-n + CeHsMgBr _ 
p-CHsCeHsSO2CeHs + CsHyOMgBr 


alkyl group, a highly reactive ester such as allyl giving no sulfone. 
Esters of aliphatic sulfonic acids give larger yields of sulfones than 
do alkyl p-toluenesulfonates. 

Aside from any interest in the mechanism involved, the reaction of 
alkyl p-toluenesulfonates with Grignard reagents is of considerable 
value in synthesis. Aryl and benzylmagnesium halides ??¥4+ may be 
expected *® to give 40% or higher of the hydrocarbon when treated 
with an alkyl p-toluenesulfonate. Alkylmagnesiuin halides containing 
six or more carbons also give satisfactory results. A useful method 
for preparing alkyl halides otherwise difficult to obtain is to treat a 
Grignard reagent with y-chloropropyl p-toluenesulfonate.*°*° The 
yields of chlorides obtained from aryl, benzyl, cyclohexyl, and the 


CeHisMgBr + 2p-CH3CeH,SO3sCH2CH2CHe2Cl —_ 
CeHisCH2CH2CHeCl + BrCH2CH2CHe2Cl + (CH3CsH4SO3)2Mg 


higher alkyl Grignard reagents range from 40 to 60%. 8-Chloroethyl 
p-toluenesulfonate also may be used in this reaction but since most of 
the even-carbon alky] halides are otherwise obtainable this is of less 
interest. It has been reported *® that heptynylmagnesium bromide 
does not react normally with 8-bromoethy! p-toluenesulfonate. 
Alkylation of Ethyl Malonate and Acetoacetate. It was reported by 
Peacock and Tha *’ that alkylation of ethyl sodiomalonate with ethy] 
or B-phenoxyethy] p-toluenesulfonate gives a satisfactory yield of sub- 
stituted malonic ester but that the reaction proceeds more slowly than 
with alkyl halides. This seems remarkable in view of the rapid alkyl- 
ations in other reactions when the sulfonates are employed, and 
indeed it was noticed later by Tabern and Volwiler*® that ethyl 
sodicethylmalonate reacts vigorously with diethylearbinyl or methyl- 
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propylcarbiny] p-toluenesulfonate at room temperature. The yields of 
dialkylmalonic ester were low, however, possibly due to pentene for- 
mation since sodium p-toluencsulfonate was formed in large amount. 
On the other hand ethyl, n-propyl, n-amyl], and even isopropyl p-tolu- 


NaC(CeHs) (COOC2Hs)2 + C7H7SO3CH (CeHs)2 _ 
CHyCH=CHCoHs + CH2(COO0Ce2Hs)2 + C7H7SO3Na 


enesulfonates give excellent yields of alkylation product. 

Alkylation of ethyl malonate with @-cyanoethy] p-toluenesulfonate 
gives a mixture of mono- and di- derivatives.4°* In contrast to this 
B-chloroethyl p-toluenesulfonate does not react appreciably. Ethoxy- 
ethyl benzencsulfonate gives a 65% yield of alkylation product.*” 

Ethy] sodioacetoacctate has been alkylated by reaction with 8-phe- 
noxyethy] p-toluenesulfonate *° in alcohol solution. The m- and 
p-chlorophenoxy and f-naphthoxyethyl] esters have been utilized in 
similar reactions. 8-Chloroethyl p-toluenesulfonate reacts but the 
products could not be purified.t* 

Alkylation of Acetylides. Sodium salts of acetylene ** and aryl 
and alkylacetylenes are readily alkylated by the lower alkyl p-tolu- 
enesulfonates. The yields are 70% with sodium phenylacetylide but 
drop to 50% for the alkylacetylenes,*** and to 20-25% where allyl 
p-toluenesulfonate is the alkylating agent. 


CsHsC==CNa + C7H7S03C2Hs - CsHsC==CCeoHs + C7H7SO3Na 


Alkyl p-Toluenesulfonates in the Friedel-Crafts and Related Re- 
actions. Ethyl p-toluenesulfonate gives a 64% yield of ethylbenzene 
when warmed with benzene and aluminum chloride.** The @-cyano- 
ethyl and f-ethylcarboxyethyl esters behave similarly giving over 
70% yields of products. &-Chloroethy] p-toluenesulfonate reacts with 


AICls 


CeHo + C7H7SO3CH2CH2COOCe2Hs ==? 
CsHsCHeCHeCOOC2H; + C7H7803H 


two molecules of benzene to give dibenzyl. It has been reported in 
the patent literature *!? that a variety of aromatic compounds undergo 
nuclear alkylation by simply heating with an alkyl or aralkyl] sulfo- 
nate to a high temperature. Benzyl sulfonates* are apparently more 
reactive than ordinary alkyl] esters. 

Reactions of Optically Active Sulfonates. In 1923 the discovery 
was made ?!¢ that a Walden inversion occurs in most alkylations where 
the reagent is an optically active ester of p-toluencsulfonic acid. Re- 
actions of this type have been subsequently studied in detail because 
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the problem of determining in which of two reactions inversion occurs 
is here readily solved, which is not true for the classic examples of 
this phenomenon. For example d-benzylmethylearbinyl p-toluenesul- 
fonate reacts with potassium acetate in alcohol to give /-benzylmethy]- 
carbinyl acetate and with sodium ethoxide to form the l-ether. The 


d-C7H7SO3CH(CH3)CH2CgHs + C2H;0Na bear 
l-CsHsCH2CH(CH3)OCeHs + C7H7SO3Na 


configurations of the acetate and ether are certain as they can be syn- 
thesized by reactions in which the carbon-oxygen valence bond is un- 
disturbed. Inversion in the sulfonate alkylations is nearly complete; 
the alcohol obtained by hydrolysis of the acetate had the value for 


d-CeHsCH2CH(CH3)OK + C2HsBr — d-CeHsCH2CH(CH3)0C2H35 


a 23" of —32.18 while the original d-alcohol from which the p-tolu- 
enesulfonate was made had « 23° + 33.02. 

Comprehensive investigations of the reactions undergone by opti- 
cally active p-toluenesulfonates of sec-butyl *? and -octyl alcohols, 
benzylmethylearbinol, phenylmethylearbinol, menthol,?!4«-*3 lactic 
acid,°* and 8-hydroxy-@-phenylpropionic acid °# indicate that in- 
versions occur in alkylation of a salt, a Grignard reagent, pyridine, 
and phenol, but not p-toluidine. In the reactions of ammonia and 
piperidine with the sec-butyl and 8-octy! esters there was no proof of 
inversion. Alkylations involving the menthyl ester as mentioned 
earlier yield a menthene as the chief product. The phenylmethylear- 
biny] sulfonate is so unstable that its behavior was investigated by 
synthesizing it from the sulfinate by oxidation with hydrogen peroxide 
in the mixture where the alkylation was to take place. 

The inversion of the carbon bearing the hydroxyl group in cincho- 
nine ** has been accomplished by action of potassium benzoate on the 
p-toluenesulfonate in alcohol. 

Substitution Reactions. When bromine is added to methyl] 4-hy- 
droxy-3-methylbenzenesulfonate in the cold two reactions occur.®* 
The hydrogen bromide liberated in a substitution reaction attacks a 
second molecule of ester with formation of methyl bromide. 


4,3-HO(CH3)CeH3SO3CH3+Brz —> HO(CHg)(Br)CsH2SO3CH3+HBr 
4,3-HO(CH3)CgH3SO3CH3+HBr — > 4,3-HO(CH3)CsH3SO3H+CH3Br 


At 100° a second bromine enters the molecule with elimination of the 
sulfo group in the usual manner. It is possible to analyze phenolsul- 
fonates by liberation of sulfuric acid through excess bromine followed 
by precipitation of the sulfur as barium sulfate. The quaternary salts 
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obtained from alky] phenolsulfonates and a tertiary base may also be 
analyzed by this method. 
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Preparation and Physical Properties. The reaction of an aromatic 
sulfonyl! chloride with a phenol usually yields the aryl sulfonate. The 
normal and also the abnormal reaction whereby the hydroxy] group 
is replaced by halogen have been described in detail under reactions 
of sulfonyl chlorides (see p. 508). Since ary! sulfonates are excep- 
tionally stable to hydrolysis compared with other esters many of the 
known compounds of this group have been prepared by nitration, 
bromination, and oxidation reactions of simpler esters. In Table XXI 
are listed the aryl sulfonates. In the last column I refers to prepara- 
tion by the sulfonyl chloride-phenol reaction while II refers to any 
one of several miscellaneous procedures, usually a substitution or oxi- 
dation reaction of some compound prepared by method J. The aryl 
sulfonates are nearly all crystalline solids which are suitable for the 
identification of phenols or sulfonic acids. The esters of benzene- and 
p-toluenesulfonic acid are by far the most numerous. 

Not included in Table XXI are several cyclic disulfonates. The 
action of ammonia or diethylamine upon a sulfonyl chloride bearing 
an ortho acetoxy group ° yields one of these. 


2 COCHs na,+H.0 802 Ha 
CH3' O2Cl CHs' Oz 
Others result from the action of phosphorus oxychloride upon 2,4,6- 
trihydroxybenzenesulfonic acid,®** and the 2,3,4-isomer.57 One other 
unusual preparation of a sulfonate should be mentioned. 1-Nitroso- 


2-naphthol condenses with p-toluenesulfinic acid to give a sulfone- 
sulfonate. 


NO 
H 
+ 3p-C7H7SO.H — 
NHo 
SO2C7H7 
+ C7H78O3H + H20 


O2C7H7 
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TABLE XXI 
Aromatic Esters or Sutronic Acips 
Prep. Method 
Aryl Group M.P. (B.p. [mm.]),°C. and Reference 
A. Aryl Benzenesul fonates 
CeHs- . 34-35 Je: 68, 
2,4,6-ClsCeHe- 66 y@ 
2-BrCeHy- 54-56 i 
3-BrCeHy- (217-218[10.5]) I 
4-BrCeHy- 50-55 ts 
2,4,6-BrgCgHe- 85, 99 J®, 6 
4-ICeHy- 52-53 je 
2,4,6-IsCoHo- 155 1@ 
2-OeNCeHa- 75 ye 
3-OoNCeHa- 72-73 Is 
4-OoNCsHa- 82 I,* I1# 
2,4-(OoN)2CeHs- 118 J 
2-HeNCeHy- 87-87 .3 LB 
2-CHsCONHC.Hy- 95-96 Ie 
2-CesHp CONHC,Hy- 90.5-91 Irs 
2-CeHsSO2NHCegHy- 134 I 
2-(CgHsSO2)eNCeHa- 164-165 II? 
2-[CH3CO (CeH6S02)N ]CeHe- 115-116 II? 
2-(CeHeCO(CeHSO2)N ]CoHy- 125 .5-126 II 
2-(CsHsCH2(CsHpSO2) NJCeHa- 144.5-145.5 Ir 
2-CH3;0CeHe- 51-52 id 
2,3-(HO)2CeHs- 122 Is 
2,3-OCO2CsHs- 93 I 
CeHe-1,3-di- 69-70 i 
CeHe-l,4-di- 120-121 i" 
2-HOCsH¢2-1,3-di- 127 II* 
2-CHsCOOC¢H3-1,3-di- 137 II# 
2-CH30CsH3-1,3-di- 109 II* 
CgH3-1,2,3-tri- 140-142 y* 
CeH;-1,3,5-tri- 115-117 [4 8 
2-CH;CsHa- 39-40, 35-36 Ja. 
3-CH3;CsHy- 45 J“ 
4-CH;C.Hy- 43 I“ 
2-CleCHCsHy- 73 II# 
2,3-Cl(CH3)CsHs- 58-58.5 I¢ 
4,3-Cl(CH3)CeHs- 66 I¢ 
6,3-Cl(CH3)CeHs- 99 Is 
2,4,3-Clo(CH3)CaH2- 69.5 I¢ 
2,6,3-Cle(CHs)CeH:- 70 Is 
4,6,3-Clo(CHz)CeHe- 86 I? 
2,4,6,3-Cl3(CHs)CgH- 121 Ié 
2,3-Br(CH3)CsHe- 70-71 Is 
4,3-Br(CH3)CeHs- 79-80 qe 
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TABLE XXI (Continued) 


Aryl Group 


Prep. Method 
M.P. (B.p. [mm.]),°C. and Reference 


A. Aryl Benzenesulfonates (Continued) 


2,5-Br(CH3)CeH3- 
2,4,3-Bro(CHs)CeH2- 

2 ,6,3-Bre(CHs) CeH2- 
2,4,6,3-Br3(CHs)CeH- 
2,4,6-(CeHgCONH) (Cl) (CHs)CeH2- 
2,4,6-(CHsCON H) (Br) (CHs)CsH2- 
2,4,6-(CeHsCONH) (Br)(CH3)CeH2- 
2,5-HO(CHO)CeH3- 
2,6-CH30(CHO)C.Hs- 
4,2-CH3(CHO)C,H3- 
2-(COOH)C.Ha- 

2-(COOCHs) CaHy- 

2-(COOCsHs) CeHa- 
3-(COOH)CeHy- 

4-(COOH)CeHy- 
2,6-CH30(COOH)C.H3- 

5-(COOH) CeH-1,2,3-tri- 
2-CeHeCeHy- 

3-CeHsCeHa- 

4-CoHsCoHy- 

4-(4-BrCgHy) CeHy- 
2,4-Br(CeHe)CeHs- 

2,6,4-Bro(CeHs) CeHs- 

(4-CeH,)2-di- 

4,2-(4-CHs0C3H,CO) (NH2)CeHs- 
SO2(CaHy-4-)e-di- 

CyoH?-2- 

CeH,—-———-CoH3-3- 
2,4,6-(C2Hs;O0CON H) (Br) (CH3)CeH2- 
2,4,6-(CgHpSO2N H) (Br) (CHs)CeH2- 
2,4,6-(2-CipH7S02N H) (Br) (CH3)CeH2- 
2,4-CH30(CHs3)CeHs- 
4-(CH3)sCCaHy- 
4-C2H¢(CHs)2CCeHy- 
4-n-C3H7(CH3)2CCaHy- 
4-iso-C3H7(CH3)2CCeHa- 
4-(C2H6)2(CHs) CCeHa- 
2,5-(CHs)oCeHs- . 
3,4-(CHs)2CeHs- 
2,5-(CHs)2CH(CHs)CeHs- 
5,2-(CH3)2CH(CHs)CoHs- 
2,4-CH;0(CH_=-CHCH2)CsH3- 
2-(CHO)CsHa- 


92-93 Is 
92-92.5 Is 
94-95 It 
117-117.5 Is 
116-117 Is 
116-116.5 Is 
114 It 
147 I" 
121 Is 
63 I# 
128-130 1, II 
41-42 Is 
80-82 Is 
114-116 1 
170 II 
195 no 
200-208 # 
66-68 rt 
(273(16]) rt 
104-105 Is 
79-81 1,# In 
102-103 pe 
145-147 .5 po 
148 Is 
113.5-114.5 Is 
131-132 m 
105-107 I# 
105-107 In 
115-115.5 Is 
230 Is 
126 Is 
Oil Is 
70-71 I 
(184~185)3}) r 
(174-175(3}) r 
(178-17913}) I" 
(183-1843) I 
51-52 # 
72-80 I# 
55-56 Ie 
Oil Is 
Oil I# 
55 1, 114 
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TABLE XXI (Continued) 


Prep. Method 
Aryl Group M.P. (B.p. {mm.]),°C. and Reference 
A. Aryl Benzenesulfonates (Continued) 

3-(CHO)CeHe- Oil II“ 
4-(CHO)CsHi- 82 Tis 
[4-(-CH==N-)CgH¢-]2-di- 167 II# 
2,4-HO(CHO)CeH3- 110 [se 
2,4-CH;0(CHO)CeH3- 69-70 1,% Ips 
2,4-C2H;0(CHO)CeHs- 72 Ir 

/CH-CK 
CeHy-————Ce I-9- 88.5 ja 

/C0-CO. 
CeH4———Co H3-2- “Amorphous” I" 

/CO0-CO., 
CeHy— CsH3-3- 216-218 Il 
CeHy(CO)2CeH 2-1 ,2-di- 182-184 ys 
CeH3(CO)2CeHe-1,2,7-tri- 182-186 yl 

B. Aryl p-Toluenesulfonates 
CeHs- 93, 94-95 I,” II* 
2-ClCeHa- 74 Is 
2-BrCeHy- 77-79, 76 Ji 
3-BrCeHy- 52-54 It 
4-BrCeHy- 93-95 Tt 
2,4-CIBrC.Hs- 114-115 Is 
4,6,2-CleBrCeH- 82-83 I 
2,4-BroCeHs- 120 Is 
2,5-Br2CeHs- 109-110 Is 
4,2,6-ClBroCeHs- 107-108 Is 
2,4,6-BrsCeH2- 113 I* 
2-ICeHy- 73, 80 16 T1I7 
4-ICeHy- 99 q" 
2-(CleI) CeHe- 95-97 Ir 
4-(CleI) CeHe- 115 TI" 
2-O2N CeHa- 81.5 [7 7 7 
3-OoNCsHe- 112 [is 33 
4-OoNCsHe- 97-97 .5, 98 I, 7 % 
re 

2-NHOHCsHHe ke te tees TI® 
4-NHOHC,He- 104.3 II™ 
2-ONCsHe- 45 and 87.5 II* 
4-ONCeHe- 143 II™ 
4,2-Cl(NO2) CeHs- 74 Is 
2,5-Br(NO2)CeHs- 131.5-132.5 y@ 
3,2-Br(NO2)CeHs- 136 .5-137.5 Is 
4,6,2-Bro(NO2)CeH2- 140 [= 


2,6,4-Bro(NOz)CeHs- 128-129 I* 
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TABLE XXI (Continued) 


Ary! Group 


Prep. Method 
M.P. (B.p. {mm.]),°C. and Reference 


B. Aryl p-Toluenesulfonates (Continued) 


2,4,6,3-Brs (NO2)CaH- 
2,4-(NO2)2CaHs- 

2,6-(NO2)2CeHs- 
4,2,6-Cl(NO2)2CeH2- 
2,4,6-Br(NO2)eCeHe- 
4,2,6-Br(NO2)2CeHe- 
3,2,4,6-CIBr(NO2)2CeH- 
4,2,6-I(NO2)2CeHs- 
2,4,6-I(NO2)eCeHe- 
3,2,4,6-Cl1(NO2)2CeH- 

2-NsCeHa- 

2-HeNCesHy- 

3-H2NCsHu- 

4-H2NC,.Hy- 

4-(CHs)e2NCeHi- 

4 {(CHs) eNHCi\C,Hy- 
4-(4-CICg5H,4NH)C.Ha- 
2-CH;CONHC,Ha- 

2-(1-CioH 7CONH)CoHa- 
2-(2-CipH7CONH)CsHy- 
2-CeHsCH==NCeHe- 

2-(4-(CH3)2N CesHaCH==N JCaHa- 
2-(CH3(CsHs) NCONHICeH.- 
2-(4-CHsCsH,SO2NH)CeHa- 
3-CsHsCH==NCeHa- 
4-CsH;CH==NC.Hy- 
§,2-Cl(NH2)CeHs- 
3,4-Cl(2,4-CleCsHsN H)CsH3- 
3,5,4-Clo(2,4-CleaCsH3N H)CeH2- 
3,5,4-Clo(2,4,6-ClsCgH2N H)CsgHe- 
2,3,5,4-Cl3(2,4,6-ClaCeH2N H)CgH- 
2,3,5,6,4-Cl,(2,4,6-ClsCgsHgNH)Cep- 
3,2-Br(N H2)CeHs- 

2,5-Br(NH3) CeHs- 

3,4Br (2,4-BroCsHsNH)C,H3- 
3,5,4-Bre(2,4,6-BrsCeH2NH)CsH2- 
2,4,6,3-Bre(NH_2)CeH- 
§,3,4-CiBr(2,4,6-ClBr2CgH2N H)CeH2- 
§,3,4-ClBr(2,4,6-ClzBrC,H2NH)CsH2- 
3,6,4-CIBr(2,4-Clp>CaHsNH)CsHr 
§,2-Cl(CHsCONH)CeHs- 
3,2-(NO)(NH2)CeHs- 

§,2-(NO 3) (NH2)CeHs- 
3,2-(NOx)(CH;CONH)CeHe- 
§,2-(NO2)(CHsCONH)CeHe- 


146-147 Is 
121, 124 [oo 
135, 138 [uot 
126 Ja. 
157 I* 
136 I" 
125 In 
138 I" 
149 It 
150 Is 
72 1," I" 
102 Ins 
98 Ins 
145 IDs 
130 I# 
188 IIe 
93-94 1% 
134 Ins 
125 In 
125 ID 
98 Irs 
135 ID8 
111-112 ju 
143 Is 
90 Ins 
165 Irs 
112 Ins 
130.5 1s 
126 Iss 
156.5 Is 
141 Is 
141.5 Is 
120-121 11 
135-136 le 
Cnet Is 
210 Is 
146-147 11% 
185 Is 
174 Is 
114 I 
168 Ins 
136 Is 
188 II# 
120 18 
189 i 
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TABLE XXI (Continued) 
Prep. Method 


Aryl Group M.P. (B.p. [mm.]),°C. and Reference 
B. Aryl p-Toluenesulfonates (Continued) 

4,2-(NOz2) (4-CHsCeH«SO2N H) CeHs- 132 18 
4,3-(NO») (4-CH3CeH«iSO2NH)CeHs- 114 y= 
§,2-(N Ov) (4-CHsCsH«SO2NH) CeH3- 159 II® 
2,4,3-(N Oz) o(CeHsNH)CeHe- 151 I* 
3,5,2-(NO2)2(CHsCONH)CeH:- 205 } 
3,5,2-(NO2)2(4-CHsCeHsSO2NH)CeH>- 188 113 
4,6,3-(NO2) 2(4-CHsCeII,SO2.NH)C.gH-- 158 Ja 
2-CH;0CsH,- 85 y“ 
5, 2-(NO2)(CH30)CegHs- 145 I, II’ 
2,4,3-(NO2)2(OH)CeHe- 126-127 I* 
2,4,5-(NO2)2(OH)CeHe- 135 Ie 
4,6,2-(NO2)2(CH30)CeHz- 137-138 1G 
2,5-(NH2)(OH)CsHe sss se II* 
5,2-(N He) (CH30)CeHs- 151 Ir 
§,2-(CHsCONH)(CH30)C,Hs- 138-139 II8 
4ANaOSCsHe see ys 
2-CH3sCeHy- 54-55 ud 
3-CHsCeHa- 51 I™: 76 
4-CHsCeHu- 69-70 IH. 76 
2,3-Cl(CH3)CeHs- 96 It 
4,3-Cl(CHs)CeHs- 98, 96 Js = 
6,3-Cl(CHs)CeHs- 93-94, 98 Is # 
2,4,3-Clo(CHs)CeHe- 100-101 I* 
2,6,3-Cle(CHs)CeHe- 92-92.5 Is 
4,6,3-Cl,(CH3)CaH:- 104-105 Is 
2,4,6,3-Cl3(CHs)CeH- . 92-93 Is 
2,3-Br(CH3)CeHs3- 85-85.5 Is 
4,3-Br(CH3)CeHs- 84-85 Ts 
6,3-Br(CH3)CeHs- 72.5-73 Ts 
2,4-Br(CH3)CeHs- 121 I 
2,4,3-Bre(CH3)CsH2- 89 .5-90 Is 
2,6,3-Bro(CH3)CeHe- 122-123 Is 
2,4,6,3-Brs(CHs)CaH- 113-114 Is 
3,2-(NO2) (CH3)CeHs- 94 jis 
4,2-(NO2) (CH3)CeH3- 123-124 I" 
2,4,5-(NO2)2(CH3) CeHz- 110-111 J“ 
2,3,5-(NOo)2(CHs)\CeH- ss I# 
2,6,4-(NO2)2(CH3)CsH:- 152 [* 7% @ 
4,6,2-(NOz)2(CHs)CeHs- 167 I™ 
4,2,6,3-Cl(NO2)2(CH3)CeH- 125 2 
4-(CH3)sCCeHy- 109-110 I" 
4-C,oH5(CHa)eCCeHa- 54-55 Yr 
4-n-C3H7(CH3)2CCeHy- (194-195{3}) T 
4-iso-CsH7(CH3)2CCeHa- (187-188(3]) Yr 
4-(C2He¢)2(CHs)CCgHy- (188-189[3}) r 
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TABLE XXI (Continued) 


Prep. Method 
Aryl Group M.P. (B.p. [mm.]),°C. and Reference 
B. Aryl p-Toluenesulfonates (Continued) 

3,5-(CH3)2CeHs- 83 i) 
6,2,4-(NOz) (CHs)2CeH2- 111-112 I= 
3,5,2,4-(NO2)2(CHs)2CeH- 110-111 I= 
2,4,3,6-(NO2)2(CHs)2CgH- 137 ys 
4,6,2,5-(NO2)2(i80-CsH7) (CH3)CeH- 142 I" 
2,4,3,6-(NOz)2(iso-CsH7) (CH3)CeH- 125 I™ 
4,2,6-Cl(CH.0H)2CsH2- 151 ys 
4,2,6-CHs0(CH2OH).CsH-- 134 Je 
4,2,6-CHs(CH2OH)2CsH- 132.5 Is 
4,2,6-CgH1:(CH2,OH)2CeHz- 162-162.5 J# 
2-(CHO)CeHe- 62, 66-68 JI“ @ 
3(CHO)CsHe esses ee 
4-(CHO)C.H.- 73-74 II“ 
2,3-(NO2) (CHO)CeH3- 112 I= 
2,5-(NO2)(CHO)CeHs- 102 1% 
4,3-(NO2)(CHO)CeHs- 94 ud 
4,2,3-Cl(NO2)(CHO)C.He- 155 td 
4,6,2,3-Cl2(NO2) (CHO)CsH- 172 Is 
2,4-HO(CHO)C.H3- 118 ys 
2,4-CH;0(CHO)CsHs- 115 Irs 
3,5,4-CH30(HO)(CHO)CyH2- 104 I= 
3,5,4-(CHs0)o(CHO)C,H2- 122 II’ 
3,5,2-(CH30)2(CHO)CsHe- 144 y# 
4,2-CH3(CHO)C.Hs- ‘ 68-69 q* 
6,2-CH3(CHO)CygHs3- 62 I= 
4,2,6-Cl(CHO)2CeHe2- 123 II# 
4,2,6-CH30(CHO)2C.H:- 121.5 II* 
4,2,6~-CH3(CHO)2CeHe- 146.5 II# 
2-(COOH)C,Hy- 154-156 TI“ 
3-(COOH)CeHy- 162 TI 
4-(COOH)C.H,- 168-170 TI 
2,4-(NO2) (COOCHs) CeHs- 86 Ja 
2,5-(NO2) (COOH) CeH3- 160-162 II" 
6,2,4-Br(NO») (COOCHs)CeHe- 127 ys 
3,4,6-CH3(NO2) (COOCHs)CeH2- 93 Ja 
4,2,6-CHs(NO2) (COOC2Hs)CeH2- 110 J» 
2,4-(NO2) (CN) CsHs- 139-141 ys 
2,6,4-(CH30) (NO) (CN)CgHe- 104 ya 
4,6,2-CHs(NOz)(CN)CeH- 137-138 Ia 
2-CeHsCoHu- 64-66 qT 
3-CeHoCoHe- . 52-54 Tl 
4-CeHeCoHy- 178.5-179.5, 177 re 
2,6,4-Bro(CeHs)CsHe- 132 * 
4-[4-(NO2)CeHa]CoHe- 156-158 1, IIs 


4,2-(NO2)[(NO2)CeHu]CoHs- 147-148 I* 
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TABLE XXI (Continued) 


Prep. Method 
Aryl Group M.P. (B.p. [mm.]),°C. and Reference 
B. Aryl p-Toluenesulfonates (Continued) 
2,4,6-(NO2)2(CaHs)CaHe- 147-148 ys 
2,5-(4-CHsCgH,) (CHs) CeHs- 130 [7 
(CeH4)e-2,2’-di- 187-188 [* 
[3,5-(NO2)2CeHale4,4’-di- 267 (dec.) I" 
2,5-(CeHs)2CeHs- 102 Is 
SOo(CeH,)o-4,4’-di- 171-172 J 
CyoH;-1- 83-84 Is 
CyoH7-2- 125 q# 
2,4-(NO2)2C1He-1- 159.5 y™ 
1-HeNCyHe-3- 137 II* 
1-(CONH2)CioHe-3- 210 (dec.) I* 
2,1-HsN(SOsNa)CyHe-5- lee ee y# 
1,4-HeN(4-CHsCeHsSOa)CyoHe-2- lk eee II* 
CyoH¢-2,6-di- 150 y# 
CysHp-2-(fluorenyl) he eee [7 
T-(NO)CisHe2- eee ee II” 
C. Aryl p-Bromobenzenesulfonates 
CeH;s- 115.5 I# 
2-BrCeHy- 125 y* 
2,4,6-BrsCaH.- 139-140 * 
2-O2NCeHy- 97-98 I™ 
3-OoNCeHu- 108-109 I¥ 
4-O.NCeHy- 112 I¥ 
2-CH;0CsH,- 103-104 J#- 
2-CH3CeHi- 78-79 I# 
3-CH3CeHy- 69-70 q« 
4-CH3CsH.- 100 I# 
6,2,4-Br(4-BrCgH«SO2N H) (CHs)CeH2- 130-131 I‘ 
2,5-(iso-CsH7) (CHs)CeHs- 103.5 I* 
2-CeHeCeHe- 69-70 y# 
3-CeHsCsHy- 102.5-103.5 I# 
4-CeHsCeHe- 185-186 [# 
(CeH4)2-4,4’-di- 201-202 I* 
CioH7-1- 104 I* 
C\oH7-2- 151-152 I# 
D. Aryl Nurobenzenesulfonates 

(1) o-Oz2NCeH,SO3H esters 

CaHs- 57 ps 

2,4,6-ClsCeHo- 142 pe 

2-CH3CeHe- 59 [ts 

2-CeHeCeHe- 72-73 [# 

3-CeHsCeHe- 69-70 I# 

4-CeHsCeHy- 138-139 [* 


(CeH,)2-4,4’-di- 191-192 1s 
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TABLE XXI (Continued) 


Prep. Method 
Aryl Group M.P. (B.p. [mm.]),°C. and Reference 
D. Aryl Nitrobenzenesulfonates (Continued) 
(2) m-OgNCeH,SOsH derivatives 
2,4,6-ClaCeHe- 90-91 II# 
2,4,6-BrsCeHo- 151 30) 
4OoNCsHe 2 ——“‘“<—<—i<i<is~*™ststs ne nw II 
2,4-(NOe)2CeHs- 115-116 IT 
2-CeHeCeHa- 130-131 I« 
3-CeH CeHe- 111-112 I« 
4-CeHeCeHi- 143-144 J« 
(CeHy)2-4,4'-di- 216-217 Is 
CywHrle eee I« 
4-OoNCioHe-1- 135 I« 
8-O2oN CioHe-1- 166 II« 
4,5-(NO2)2CoHe-1- 174 Il 
4,8-(NO2)eCioHs-1- 165 II“ 
CwHr2- 2 2 ee ee ee II@ 
1-O2NCioHe-2- 176 I« 
4-O2N CyoHe-2- 149 I“ 
5-OoNCioHe-2- 166 II« 
8-OoN Cio He-2- 144-146 II« 
4,5-(NOz)2CioHs-2- 212 11H 
1,5-(NO2)2CioHs-2- 153 II« 
1,8-(NO2)2CioH5-2- 201 II« 
CHs 
ag EY 122.5-123 Ie 
ii-n 
ye-0 . 
(CHs)2 
CHs 
AQADose 127-129 Ie 
C-O 
(CHa)x” 
CHs 
CsHiu-n 
><> us 
No 
(CHs)s” 
CHg CsHirn 
100-101 Ja 
eo 
(CHg)2 
(3) p-O2NCegH,SOsH esters 


CoHs- 114 pt 
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Prep. Method 
Aryl Group M.P. (B.p. [mm.]),°C. and Reference 
D. Aryl Nitrobenzenesulfonates (Continued) 
3-OoNCeHae- 133 I@ 
4-OoNCsHi- 156 I* 
4-CH3CeHy- 106 J@ 
2,4-(NO2) (CHs)CesHs- 136(?) I 
3,4-(NO2)(CH3)CeHs- 116(?) I« 
2-CeH sCoHi- 110-111 I« 
3-CgHsCeHa- 97-98 J“ 
4-CeHsCeHi- 148.5-149.5 I 
(CoH) 2-4,4'~ 231 [3 
E. Miscellaneous Aryl Sulfonates 
3,4-CleCeH3SOsCgH2(3,4-CloCsH3SO.N H)- 114 I‘ 
(CH3) Br-2,4,6 
2,5-Cl(NO2)CeHsSO3CeH5 92-93 q« 
2,5-Cl(NO2)CgH3SO03CsH2(CH3;0CON H)- 151 I‘ 
(CH3)Br-2,4,6 
2,5-Cl (NO2) CeH3SO3Ce6Ha[2,5-Cl(NOz)- 221 I‘ 
CeH;SO2N H](CH3) Br-2,4,6 
4,2-Cl(NO2)CsH3SO3CeHe 82 jis 
4,2-Cl(NOe)CeHsSOsCeHgCl-2 0 eee ee jis 
4,2-Ci(NO2)CeH38OsCgH,Ci-4 99 Jie 
4,2-Cl(NO2)CeH3SO3CeHaCle-2,5 130 208 
4,2-Cl(NO2) CeHsSO3CegHoCls-2,4,6 128 Ji 
2,5-I(NO2)CeHsSO3CeHe 128-129 yu 
4,2-Cl(NO2)CesH3SO3CeHsC H3-4 97 pe 
2,5-Cl(NH2)CeH3SO3CeHe 75-76 IT# 
2-N H2CeHSO3CeH2Cls-2,4,6 153 Tp 
4-(4-HOCsH{SOs)CeHiSOsH lin eee eee I*% 
4-(4-CH3;COOCsH«SOs)CosHiSO3H (is... ws II8 
3,5,4-(OH)2[3,4,5-(OH)sCeH2SOz]- Je 101 
CeHSO3H 0 ——“‘“‘“‘isé™CSCSC*™C ee 
3,5,4-(CHsCOO),[3,4,5-(CHs3COO)s- 
CeHSOsl\CeHS8OsH ln ec eee II* 
2,6,4-(OH)2[2,4,6-(OH)sCeH2SOs]- iwi ke eee I# 
C.H-SO;H 
2-(COOCsHs)CsHSO3CeHe 117.5-118.5 JM .95,06.07 
2-(CONH2)CsH,SO3CeHe 95 ys 
5,2-(NO2) (COOCsH.s) CeHsSOzCoHe 118-119 [% © 
5,2-(NO2) (COOCsH,NOz-2) CeHsSO3- 164 I" 
CeH,NO2-2 
5,2-(NO2) (COOCsHiN 02-4) CeH3S03- 152 ys 
C.H.NO.4 
§,2-(NO2) (COOCsHiCH3-4) (CeHsS05- 94-95 I= © 
CeH,CHs-4 
5,2-(NOz)(COOCipH +2) CeHsSOsC gH 7-2 134 I" 
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TABLE XXI (Continued) 


Prep. Method 
Aryl Group M.P. (B.p. [mm.]),°C. and Reference 
E. Miscellaneous Aryl Sulfonates (Continued) 
4,3-(OH) (COOCeHs)CeHsSOaCeHs 172-173 [10 
4,3-(OH) (COOCyoH7-2)CeHsSOsCyoH7-2 iw we wees jis 
4,3-(OH) (COOC.H,OCH3-2) CeHsSOsCeHy- 112-113 [100 
OCH;-2 
3,4-Br(CHs) CeHsSOsCgHoBrs-2,4,5 107-108 II* 
2-CH3CeHsSOsCeHe 52 I“ 
2-CHsCeH«SOsCeH«NOz-2 131-134 Ie 
2-CH3C.H.«SOsCegH4CH3-2 50-51 I# 
2-CH3CeH «SOsCeHy4CHs-3 60 I# 
2-CH3CeH,SO3CgH,CHs-4 70-71 IH 
2-CH3CeH«SOsCgH,CHO-2 79-80 II* 
2-CH3C.H«SOsCeH,CHO-3 65-66 II* 
2-CH3CeH,SO3CeHsCHO-4 61-62 II* 
2-C HsCgH«SO3CgH,COOH-2 118-120 II* 
2-CH3CeH,SO3CeH,COOH-3 144-146 II“ 
2~CHsCeH,SO3C6H,COOH-4 168-170 II“ 
5,2~-(NO2) (CH3)CeHsSO3CoHs 64 [1a 
§,2-(NO2) (CHs)CeHsSOsCeHyNO--4 195 II" 
3,4-(NO2)(CH3)CeHsSOsCoHe 59-60 rs 
3,4-(NOz)(CHs)CeHsSOsCeHsNO2-4 113-114 I,” II@ 
3,4-(NO2) (CH3) CeHsSOsCeHe (NO2) Bro- 122-123 II** 
5,2,4 
3,4-(NO2) (CH3)CeHsSOsCeHo(NOz2)- 107-108 II? 
BrCl-5,4,2 
3,4-(NO2) (CH3)CeHsSOsCeH (NOz)- 122-122.5 II 
BrCl,-3,6,2,4 
3,4-(NO2) (CHs3)CeHsSOsCeH (NO2)- 134-135 II? 
BrCle-5,6,2,4 ; 
3,4-(NO2)(CHs)CaHsSOsCeHiCHs-2 68-69 ys 
3,4-(NOz2)(CH3)CeHsSOsCeHiCHs-3 63 ye 
3,4-(NO2) (CHs)CeHsSOsCeH«CH3-4 95 rs 
3,4-(NO2)(CH3)CeHsSOsCeHs(CHs) NO2- 108-109, 120-121 II 76 
2,4 
3,4-(NOz) (CH3)CeHsSOsCeHo(CHs) (NOz) 2- 125-126 II 
2,4,5 
3,4-(NOez) (CHs)CeHsSOsCgH (CH3)2(NOq)e- 140-141 II® 
2,4,5,6 
3,4-(NOg)(CHs)CeHsSOsCeH(CHs)2(NO2)2- = 148-149 II* 
3,5,2,4 
3,4-(NO2) (CHs)CeHeSOsCeHal3,4-(NO2)- 175-176 It 
(CH 3)CsHsSO2NH](CHs) Br-2,4,6- 
1,3-[3,4-(NOz) (CHs)CeHsSO3]2CeHa 136 # 
1,3,4-[3,4-(NOz2)(CHs)CeHsSO3]2(NOz)-CeHs 105 II® 
3,4-(NH.)(CHs)CeHsSOsCeHe(NHe)Bre5,2,4 174-175 II? 


3,6,4-(NOz) (COOC.Hg) (CHs)CeHS0sCeHe 123 ys 
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Prep. Method 
Ary! Group M.P. (B.p. [mm.]),°C. and Reference 
E. Miscellaneous Aryl Sulfonates (Continued) 
3,2,5-(NO2)(CH3)2CgH2SO3CeHs 117-118 ys 
3,2,5-(N Oz) (CH3)2CeH 2SOsCeH,CH3-2 66-67 108 
3,2,5-(N Oe) (CH3)2CeH2S03CeH,CH3-3 71.5-72 18 
3,2,5-(NO2) (CH3)2CeH2S03CeHiCHs-4 93 .5-94.5 [15 
4,2,5-(NO2)(CH3)2CsHsSO3CeHs 120-120.5 yim 
4,2,5-(NOe)(CH3)2CeH2S03CeH,CHs-2 99-100 [1% 
4,2,5-(NO2)(CH3)2CeH2SO03CeHyCHs-3 110-111 Js 
4,2,5-(NO2)(CH3)2CeH2S03CeH,CH3-4 117.5-118.5 J 
6,2,5-(NO2)(CH3)2CeH 2SO3CeHe 83-83 .5 Ji 
6,2,5-(N Oz) (CH3)2CesH2SO3CgHyCHs-2 151.5-152 [198 
6,2,5-(NO2)(CH3)2CgH2SO3CgH«CH3-3 107 .5-108 Ji 
6,2,5-(NO2)(CH3)eCeHeSO3CeHsCH-4 76-77 J1% 
cis[4,2-(NO2)(SO3CsHs)CeH3CH==]o 172 J,1 T]1@ 
trans{4,2-(NO2)(SOsCeHs) CeH3CH==}2 192-192.5 J,1 [102 
3-CeHeSOoCeH.SO,CeHs 106 [198 
1-CypH;SO3;CeH5 75 r™ 
2-CyoH7SO3CeHs 98-99 I" 
2-C1oH7SO3CegH2(CHs) (NHSO2CeHs)Br- 123 Is 
4,2,6 
2-CioH7SO3CgH2(CH3)(NHSO2C19H7-2)- 141-142 Ié 
(CHs)Br-2,4,6 
6,2-(OH)CypHeSO3CeHs 131 Is 
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Reactions and Uses. The behavior of ary] sulfonates toward hy- 
drolytic agents is in strong contrast with that of the alkyl esters. 
Pheny! benzenesulfonate is hydrolyzed but slowly by boiling aqueous 
potassium hydroxide.** However, sodium ethoxide in alcohol reacts 
readily with phenyl p-toluenesulfonate at ordinary temperatures to 
give phenetole; this transformation probably occurs in two stages. 

p-C7H7SO3CoeHs + C2H;0Na — p-C7H7SO3C2Hs + CeHsONa 
p-C7H7SOsC2Hs + CeaHsONa — CeHsOCeHs + p-C7zH7SO3Na 

Phenyl benzenesulfonate reacts only slowly with alcoholic am- 
monia °° at 200°. When pheny! p-toluenesulfonate is cleaved by am- 
monia or hydrazine the products are phenol and the sulfonamide or 
hydrazide rather than aniline or phenylhydrazine.“* Aqueous ammo- 
nia under pressure at 125° converts diphenyl] o-sulfobenzoate into the 
ammonium salt of saccharin.*? 


COOCeHs CO 
2NH3 => SNNH, + 2CeH;0H 
O3CeHs Oz 


Negatively substituted aryl sulfonates hydrolyze or cleave with con- 
siderable ease. Thus 2,4-dinitrophenyl p-toluenesulfonate is hydro- 
lyzed by 10% aqueous sodium carbonate or aqueous ammonia to the 
dinitrophenol. Ammonia in boiling nitrobenzene on the other hand 
yields 2,4-dinitroaniline as well as ammonium p-toluenesulfonate and 
p-toluenesulfonamide.“* Heating with pyridine produces 2,4-dinitro- 
phenylpyridinium p-toluenesulfonate. Aniline and sodium acetate 
convert o-nitropheny!] p-toluenesulforate into o-nitrodiphenylamine. 
Similar esters having a para azo group also react with aniline.*? A 
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similar reaction occurs when the di-p-toluenesulfonate of 3,3’,5,5’- 
tetranitro-4,4’-dihydroxybipheny! is boiled with aniline.* A nitro 
group in the sulfonic acid ring does not appear greatly to facilitate 
cleavage since heating an ary] 4-chloro-3-nitrobenzenesulfonate with 
ammonia replaces the chlorine by an amino group without hydrolysis 
of the ester.* 

When pyrogallol tribenzenesulfonate is allowed to stand at 25° with 
liquid ammonia under pressure * the middle ester group is removed 
while with hydrazine complete decomposition to pyrogallol and phenyl 
sulfide occurs. 

It has been shown that many aryl sulfonates are readily cleaved 
by piperidine *’ with amide formation. If two nitro groups are present 
3,4-Cl(CH3)CeHsSO3CeHe2Cls-2,4,5 + CsHioNH -> 

3,4-Cl(CH3s)CeH3SO2NCsHio + 2,4,5-ClaCeH20H 
in the sulfonic acid nucleus the reaction takes another course.** 
2,4-(NO2)2CeH3SO3CeHaCH3-4 + 2CsHioNH —> 
4-CH3CeHsOSOsH2NCsHio + 2,4-(NO2)2CeHsNCsHio 
Treatment of 2,6-dinitro-4-methylphenyl p-toluenesulfonate with so- 
dium phenoxide gives phenyl p-toluenesulfonate rather than an aryl 
ether. 

Hydrolysis of aryl sulfonates occurs less readily with acids °° than 
with bases. Heating p-tolyl benzenesulfonate with anhydrous hydro- 
gen fluoride at 100° rearranges it to 2-hydroxy-5-methylpheny] phenyl 
sulfone.” Diphenyl o-sulfobenzoate hydrolyzes to o-sulfobenzoic 
acid *2 when heated with concentrated hydrochloric acid at 200°. 
Pyrogallol tribenzenesulfonate is unaffected by hydrochloric acid at 
170° or by boiling hydrobromic or hydriodic acid.* 

There is little reaction between alkylmagnesium halides and aryl 
sulfonates unless drastic reaction conditions are used ™ but with the 
aryl Grignard reagents cleavage of the aryl sulfonate occurs easily 


p-CH3CeH«SO3CeHs + CeHsMgBr ~> 
p-CH3CeH.SO2CeHs + CeHsOMgBr 
with sulfone formation if the reaction is carried out in boiling toluene. 
The yield of sulfone isolated varied from 43 to 82% for several aryl- 
magnesium bromides.”»7? It has been claimed ’* that a second re- 
action occurs to a small extent. 
CeHsSO3Ar + ArMgX —> CeHsSOsMgX + (Ar— + Ar’—) 
The introduction of substituents into aryl sulfonates occurs less 
readily than for any other phenol derivative. For example, the rela- 


554 DERIVATIVES OF SULFONIC ACIDS. 1 


tive rates of chlorination under certain conditions for phenyl benzoate 
and phenyl! benzenesulfonate ™ are 0.00203 and 0.00013 respectively. 
The directive influence of the phenolic oxygen is so reduced in p-xeny] 
benzenesulfonate and p-toluenesulfonate that bromination 7 and ni- 
tration 7° occur in the second benzene ring. 


4-CeHsCegHs035SCeHs + Bre _ 4-(4-BrCgH4)CeH4O03SCeHs + HBr 


According to patent claims it is possible to dichlorinate o-toly] 
benzenesulfonate in the side chain without bringing about nuclear sub- 
stitution. In the nitration of phenyl benzenesulfonate the introduction 
of nitro groups follows the sequence shown in the equations.7® In the 
nitration of phenyl p-toluenesulfonate 7 the second nitro group enters 


CeHsSO3sCeHs — CeHsSO3CeH4NO2-4 — 
3-(NO2)CeH4SO3CeH3(NO2)2-2,4 


the sulfonic acid nucleus. The yields in these nitrations are exception- 


4-CH3CsH4SO3CeHs + 2HNO3 —_ 
3,4-(NOz)(CH3)CeHsSO3sCeH4NOo-4 + 2H20 


ally high.® 

The stability of the ester group in aryl sulfonates makes possible a 
variety of reactions affecting other substituents without hydrolysis or 
cleavage occurring. Thus the tolyl o- and p-toluenesulfonates are 
oxidized by manganese dioxide and sulfuric acid to the esters of the 
hydroxyaldehydes and acids,** 3-phenanthry] benzenesulfonate is con- 
verted to the 9,10-quinone by chromic acid,**? and 5-nitro-2-methy]- 
phenyl] benzenesulfonate gives a mixture of the cis and trans stilbene 
derivatives when warmed in alkaline solution with sodium hypochlo- 
rite.** Vanillin has been prepared by the methylation of an ester of 
3,4-dihydroxybenzaldehyde * followed by hydrolysis, as well as di- 
rectly by treatment with sodium methoxide in methanol.*5 


OsSCeHs O3SCeHs 


itt 


OsSCeHs 
aa 
+ CH3;0Na — + CeHsSO3Na 


HO HO 
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Heating o-iodopheny] p-toluenesulfonate with copper gives the bi- 
phenyl derivative in a normal manner.** 3-(p-Toluenesulfonoxy) -1- 
naphthamide undergoes the Hoffman reaction without loss of the ester 
group.*? 

2-Aminopheny] p-toluenesulfonate ** and other similar aminosul- 
fonates °° show no tendency to isomerize to the anilides, thereby differ- 
ing from the aminoaryl esters of carboxylic acids. The sulfonates of 
certain hydroxynitroaldehydes have been converted to the indigo de- 
rivatives by treatment with acetone and alkali.*° 

Aside from their value in syntheses aryl sulfonates have been found 
to have value as moth-proofing agents provided one or both ary] nuclei 
has one or more halogen atoms attached." 


SULFONIC ANHYDRIDES 


Sulfonic anhydrides have been little investigated. Benzenesulfonic 
anhydride was obtained by Billeter* as one of the products from the 
action of silver cyanate upon benzenesulfonyl chloride as well as from 
heating the chloride with the silver sulfonate? at 180°. This and 
p-toluenesulfonic anhydride have been prepared by the action of 


CeHsSO2C! + CeHsSOsAg — (CeHsSO2)20 + AgCl 


thionyl chloride upon the acids.* In the case of the toluenesulfonic 


2CeHsSO3H + SOCl2 — (CeHsSO2)20 + 2HC!I + SO2 


acid the sulfonyl chloride is produced simultaneously. 

Benzenesulfonic anhydride melts at 92° and distils with decompo- 
sition at 240° (10 mm.). p-Toluenesulfonic anhydride melts at 125°. 
The anhydrides are little affected by standing with cold water al- 
though they hydrolyze upon heating. With alcohol the acid and ester 
result ? and with ammonia the ammonium sulfonate and sulfonamide 
are formed.® 


(CeHsSO2)20 + C2H;0H — CeHsSO3C2Hs + CeHsSO3H 
(CeHsSO2)20 + 2NH3 — CeHsSO2NHe + CeHsSO3sNH 


By heating benzenesulfonic anhydride to 160-170° with thionyl chlo- 
ride under pressure chlorobenzene results.* 


(CeHsSO2)20 + SOCle — 2CeHsCl (+ 3502) 


Benzene-o-disulfonic anhydride has been prepared by the action of 
chlorosulfonic acid upon the potassium salt of the acid,* and p-xylene- 
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K 120° Oz 
+ CISOsH ——> ra + KCl + KHSO« 
: 2 


3 


2,3-disulfonic anhydride results from the action of phosphorus penta- 
chloride upon the acid.> These anhydrides are high-melting solids 


CH; CH; 
O3;K O2 
+PClh > SO + 2KCl + POCL 
O3kK 502 
CH3 CHs 


(180 and 189° respectively), but their properties remain otherwise 
little investigated. The imide corresponding to benzene-o-disulfonic 
anhydride is described under saccharin. The phenylimide has been 
prepared from the disulfony] chloride.® 


O2Cl 
+ CeHsNH2 + 2CH3sCOONa —» 


2 


Oz 
aes + 2CHsCOOH + 2NaCl 


2 


The N-hydroxyimide has also been made.* 


O2H 


O2 
+ NaNO2 > NOH [+ NaOH] 
O2H Oz 


MIXED SULFONIC-CARBOXYLIC ANHYDRIDES 


When sulfony! chlorides are heated with silver acetate an exothermic 
reaction starts at about 120° which produces the mixed anhydride ® in 
yields ranging up to 40%. If sodium acetate is substituted for the 
silver salt prolonged heating at 200° is necessary to obtain the anhy- 
drides, and the yields are very low. Aliphatic sulfony] chlorides give 
higher yields than do the aromatic compounds. Acetic benzenesulfonic 
anhydride distils at 160-161° (20 mm.) and the p-toluenesulfonic 
compound at 186-188° (20 mm.). 

The only mixed anhydride that has received intensive study is that 
derived from o-sulfobenzoic acid. This acid and its salts are easily 
obtained by the hydrolysis of saccharin, and the anhydride has been 
much utilized in preparing sulfonephthaleins. The action of phos- 
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phorus pentachloride,? preferably at room temperature,® on dipotas- 
sium o-sulfobenzoate, of acetyl chloride upon the free acid,® and of 
thionyl chloride upon an acid salt *° have proved satisfactory as meth- 
ods for preparing the anhydride. Of these the action of thionyl chlo- 
ride upon ammonium o-carboxybenzenesulfonate is most convenient. 
The anhydride is also produced by heating the free acid, alone or 
with phosphorus pentoxide.? 

Reaction of o-sulfobenzoic anhydride with any reagent which opens 
the anhydride ring yields a sulfonic acid or its salt. Thus with am- 
monia,® amines,*? and alcohols?’ the reactions are as shown in the 


equations. 
O CONHR 
>O + 2RNH2 — 
0. OsNHsR 


SO; 
he + CeHsN(CH3)2 > 
CHs)2H? 
COOR 
20+ ROH — 
03H 


Reaction with a phenol in aqueous alkali *? likewise yields the ester. 
(For the reaction under anhydrous conditions see the next section.) 


CO OOCeHs 
0 + CeHsOK — 
O2 Osk 


Halogenation of o-sulfobenzoic anhydride in 40% oleum leads 
finally to complete replacement of the hydrogens.*® Two of the inter- 
mediates have been isolated. 


O B CO 
Of Of Ui n@:: 


Since the action of cones pentachloride upon salts of o-sulfo- 
benzoic acid gives two dichlorides, the “stable” and “unstable” 
forms,’?* one of these is obviously a derivative of the anhydride. 
Both chlorides with alcohol yield the mono ester. If the alcohol is 
anhydrous one would expect an ether as the by-product. 


& 
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Cle COOCHs 
>O + 3CH30H — mak + 2HCI (+ (CHa)20] 


Oz 3 


The action of phenylmagnesium bromide upon the low-melting di- 
chloride yields a lactone while the high-melting isomer is converted 
into a sulfone.1> These results are best explained by the accompany- 
ing equations although they do not constitute a proof of the structures 


CCle C(CeHs)2 
SO + 2CsHsMgBr — 40 + 2MgBrCl 
Oz Oz 
OMgBr 
1 C(CeHs)2 
+ 3CeHsMgBr — + 2MgBrCl 
O2Cl O2CeHs 


of the dichlorides. The lactone has also been obtained by several 
investigators 7° by the action of the dichlorides upon benzene in the 
presence of aluminum chloride. The success of this reaction is appar- 
ently determined by unknown factors, since Remsen and Saunders 3° 
were not able to repeat their preparation and Cobb? also did not 
isolate the lactone. The supposed lactone reported by Sachs *? which 
resulted from treating triphenylcarbinol-o-sulfonmethylamide with 
hydrochloric or sulfuric acid is actually a saccharin derivative.’®? 
Preparation of Sulfonephthaleins. By far the greater part of the 
interest in o-sulfobenzoic anhydride arises from its condensation with 
phenolic compounds to yield sulfonephthaleins. Heating with 
phenol 7-?® at 130-135° for 6 hours brings about condensation without 


ie 
O C(CeH4OH)2 
>0 + 2CeH;0H _ 
Oz O3H 


a catalyst being necessary. Either the anhydride or a mixture of the 
isomeric acid chlorides already mentioned may be utilized in this 
reaction.1%°18 A by-product of the reaction is p-(o-sulfobenzoyl) - 
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phenol which readily loses water to yield a colored substance probably 
having the structure shown. 


2 


Upon heating to 135-140° disproportionation occurs with formation of 
phenolsulfonephthalein. 


a 
COCseHs4OH CO C(CeH40H)2 
2 —_ 40 + 
O3H O2 O3sH 


The condensation of o-sulfoubenzoic anhydride with substituted 
phenols ?® and more particularly with resorcinol 7° has been much 
studied. Apparently sulfonefluorescein had not been obtained in a 
pure state, however, until comparatively recently.2?_ In this investiga- 
tion it was pes by the methods indicated by the equations. 


Oe ‘Che 0 aie 
io oo 


OC6Hs(OH)2  j¢g¢ 
OsH OaH® 
i 
NH + 2 x 
.; OsNHs , 


H 
Cle 100° 
>O + 2CeHs(OH)2 -———> \ wee) + 2HCl 
Oz O3sH 
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In the last reaction a mixture of the isomeric dichlorides was 
utilized. 

The ring halogenated derivatives of o-sulfobenzoic anhydride have 
also been converted into compounds of the sulfonephthalein type.?? 

Uses of Sulfonephthaleins. Unlike phenolphthalein, the sulfoneph- 
thaleins exist chiefly as the free acids ** rather than the lactones and 
these acids are predominantly in the quinone form. 


C Cc 
oX_ Doe bon <> 
s 
Oz 
I I 


The free acid and its salts are yellow, a red color developing only 
when enough alkali is added to the solution to produce the salt of the 


phenolic group as in III. 
Br 


Kore. Se 
Ox K+ <_=0 Os H+ x - H+ 


r 
mm IV 
The tetrabromo compound IV is also highly colored as here the bro- 
mines enhance the ionization of the phenolic hydrogen.?* This is also 
true of the corresponding tetranitro compound, but here the nitro 
groups may have an effect on the color other than that arising from 
increased ionization of the phenol. The solutions of both compounds 
become yellow when hydrochloric acid is added. These observations 
and those on substituted phenolsulfonephthaleins have interesting 
implications for the theory of indicators which cannot be discussed 
here.?5 
The phenolsulfonephthaleins have proved to be exceptionally useful 
as indicators, and the literature which deals with their use is volumi- 
nous.? Phenolsulfonephthalein (phenol red) has also proved to be 
remarkably interesting physiologically. It is excreted by the kidneys 
and a retardation of excretion is a sensitive indication of kidney dis- 
ability.27. A detailed consideration of the voluminous literature on 
this and related subjects is outside the scope of the present discussion. 
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SULFONAMIDES 


Most aromatic sulfonic acids have becn characterized by conversion 
into sulfonamides. The melting points of the amides and anilides ob- 
tained from the corresponding sulfony! halides by treatment with am- 
monia and aniline have been listed earlier in Tables II to XVII of 
Chapter V. N-Substituted amides other than the anilides have been 
prepared for relatively few sulfonic acids and are chiefly of interest 
in identifying or preparing the amines except for sulfanilamide deriva- 
tives where the therapeutic activity is the center of interest. Because 
of these considerations and since a comprehensive review of sulfanil- 
amide derivatives has appeared recently ** the N-substituted amides 
are not listed here in tabular form. 

Entirely aside from their usefulness as derivatives and therapeutic 
agents, sulfonamides are of interest for their chemical properties. 
Their alkali solubility, difficulty of hydrolysis, and the replacement of 
amide hydrogens by various groups have been much studied. The in- 
teresting properties of the halogen compounds of the Chloramine-T 
type and of saccharin have instigated investigations on numerous re- 
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lated substances. The therapeutic value of sulfanilamide derivatives 
also has been responsible for a number of interesting developments in 
sulfonamide chemistry. 


PREPARATION OF SULFONAMIDES 


A few simple sulfonamides have been obtained by methods other 
than the action of ammonia upon a sulfonyl halide. Benzenesulfony]l 
isocyanate is readily decomposed by water to yield benzenesulfonam- 
ide® The reduction of benzenesulfonazide with zine and acetic acid 


CeHsSO2NCO + H20 —_ CeHsSO2NHe2 + CO2 
produces the amide as the final product.2, Heating ammonium ben- 
zenesulfonate gives a small yield of the amide ® the reaction lacking 
the practical value it has in the preparation of the carboxylic acid 
amides. The hydroxylammonium salts of benzene- and p-toluenesul- 
finic acids are converted by heating to 100-110° into the sulfonam- 
ides. Attempts to prepare a sulfinhydroxamic acid by the action of 


CeHsSO2NH3s0H — CyHsSO2NHe2 + H20 
hydroxylamine upon a sulfinyl chloride or sulfinamide also gave only 
the sulfonamide.*? 

Preparation of N-Substituted Sulfonamides. The preparation of 
the sulfonamides from the common sulfonyl] chlorides (including ben- 
zene- and the p-bromo- and three nitrobenzenesulfonyl chlorides, 
p-toluenesulfony] chloride, and @-naphthalenesulfonyl chloride—reac- 
tions of acetanilidesulfonyl chloride are mentioned a little later), and 
primary,®® or secondary “7 aliphatic amines including cyclic amines 
such as piperidine ®-¢/8 and polymethylenediamines ® has been effected 
under a variety of experimental conditions. The reaction may be 
brought about in an inert solvent such as benzene or ether employing 
two equivalents of amine for one of the sulfony] chloride, or in the 
presence of aqueous alkali where only one equivalent of amine is nec- 
essary. If the amine or acid chloride is a solid the addition of an or- 
ganic solvent immiscible with water is desirable. Alternatively the 
reaction may be carried out in alcoholic sodium acetate or in pyridine 
solution. These experimental procedures are obviously interchange- 
able. The sulfonamides of aniline,° its nuclear derivatives," the 
toluidines and xylidines and their nuclear derivatives,? and of N-al- 
kylarylamines ** have been similarly prepared. Derivatives of a few 
diarylamines,** aminobiphenyls,> and naphthylamines?** have also 
been placed on record. The sulfonamides prepared from aliphatic 
amino acids and aromatic sulfonyl chlorides have been intensively in- 
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vestigated.‘7 Many peptides have also been characterized by conver- 
sion into sulfonamides by the use of #-naphthalenesulfonyl chloride.*® 
A few aromatic aminocarboxylic acids ?° together with their esters and 
amides and also a number of aminoketones *° of various types have 
been converted into sulfonamides. 

The starting point for preparing many of the sulfanilamide deriva- 
tives has been acetanilide-p-sulfonyl] chloride! (N*-acctylsulfanilyl 
chloride). This reacts with ammonia or amines in alkaline solution 
without loss of the acyl group which is subsequently removed usually 
by acid hydrolysis. Recently *** it has been reported that aniline-p- 
sulfonyl chloride can be prepared and that this gives sulfanilamide 
directly with ammonia. The action of ammonia on p-chlorobenzenc- 
sulfonyl chloride also gives sulfanilamide.2*® Phenolic sulfonamides 
may be prepared advantageously from phenolsulfony] fluorides which 
are more stable than the chlorides.2?® Polymeric sulfonamides have 
been prepared in which aromatic nuclei are linked together by the sul- 
fonimide (SO2NH) group.?!4 

Alkylation and Arylation Methods of Preparing Sulfonamides. 
Many N-alkylsulfonamides have been prepared by the action of alkyl 
halides or sulfates in aqueous or alcoholic alkali upon amides that 
have one or two replaceable hydrogens.”? 


CgHsSO2N(K)CgHs + CHsI — CeHsSO2N(CH3)CcHs + KI 

One recently ** described procedure calls for refluxing p-toluenesul- 
fonmethylamide with concentrated sodium hydroxide and 20% excess 
n-butyl bromide until no more water is deposited in an automatic 
separator. In another example ** an 88% yield of the dimethylamide 
was obtained by the action of methyl sulfate and alkali upon N‘-ace- 
tylsulfanilamide. It has been claimed ** that p-toluenesulfonamide is 
monoalkylated by sodium ethyl sulfate or benzyl chloride in the pres- 
ence of sodium or calcium carbonate at 170-200°. Xylenesulfonam- 
ides have been alkylated by heating with methyl or ethyl chloride and 
aquevus sodium hydroxide under pressure.** 

p-Toluenesulfonamide reacts readily with an «-halogenated fatty 
acid in alkaline solution and the resulting product can be alkylated on 
the nitrogen.*’ Since the resulting amide can be hydrolyzed these re- 


ClCH2COONa + p-C7H7SO2NHNa — 
. p-C7H7802NHCH2COONa + NaCl 
p-C7H7SO2NHCH2COONa + CH3I + NaOH — 
C7H7SO2N (CH3)CH2COONa + Nal + H2O 


actions are of value in amino acid synthesis. 
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A number of sulfonamides have been shown to react readily with 


p-C7H7SO2N(Na)C2Hs5 + CICH2CH20H — 
p-C;H7SO2N(C2Hs)CH2CH20H + NaCl 


ethylene chlorohydrin or oxide.?* In the case of epichlorohydrin 7° 
the oxide linkage reacts first but the product was difficult to purify 
indicating side reactions. The product from the reaction of p-toluene- 


p-C7H7SO2NHCoHs5 + a aaa amd 


p-C7H7SO2N (CeHs) CH2CHOHCH2Cl 


sulfonamide and glycerol-1,3-dichlorohydrin has been used as an in- 
termediate in the preparation of a plastic composition.2* Similar 
reactions of sugar derivatives also have been reported.2° The methyl 
ether of ethylene chlorohydrin reacts normally with p-toluenesulfon- 
amide and alkali.* 

The alkylating action of polymethylene halides is of interest. 
Ethylene bromide **** reacts with benzenesulfonamide in alkaline so- 
lution to give dibenzenesulfonethylenediamide and dibenzenesulfon- 
piperazide. In this connection the results of Adams and Cairns *7¢ 
are of interest. They found that p-bromobenzenesulfon-6-chloro- 
ethylamide with aqueous alkali gave only the sulfonyl derivative of 
ethanolamine, whereas the sulfonamide derived from 2-chloro-2- 
methylpropylamine reacted to give a derivative of ethyleneimine. 


(CH3)2CCICH2NHSO2CeH4Br-p + NaOH — 
(CH3)2C CHe 
N—SO2CsH,4Br-p + NaCl + H20 


Similar ring closure reactions have been reported for compounds ob- 
tained by the addition of N-halogen sulfonamides to olefins (see p. 
610). Trimethylene bromide *?:#? with p-toluenesulfonamide produces 
mostly p-toluenesulfoncyclotrimethyleneamide together with a little of 
the bis-trimethylenediamine derivative and other by-products. 
p-C7H)SO2NHa + NaOH 


Br(CHo2)3Br 
p-C7H7S8O2N (CHa)3 + p-C7H7SO2N (CH2CH 2CH2)2NSO2C7H 7-p 


Alkylation of dibenzenesulfon-p-phenylenediamide with trimethyl- 
ene bromide * is reported to yield the curious cyclic compound shown 
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in the accompanying equation. It seems possible that the product 
was actually a polymer. 


HNSOsCHs CeHsSO2N—(CH2)3—NSO2CpHs5 
2 4+2Br(CH,)3Br tee» O 0 
HNSO.CeHs CoHsS02N—(CH2)3—NSOoCcHs 


Tetramethylene bromide gives an 80% yield of the sulfonamide of 
pyrollidine.*® Since this can be hydrolyzed to pyrollidine, it serves 
as a useful intermediate for obtaining the free base. Hexamethylene 
bromide yields a mixture of the sulfonamides of the mono and di- 
amines.** the fourteen-atom ring compound not being isolated. 


Br(CH)sBr p-C71H;SO.NE: + KOH 


p-C7H7SO2N (CHa)¢ + p-C7H7SO2NH (CH2)sNHSO2C7H 7-p 


Pentaerythrityl bromide *’ reacts with the sodium salt of p-toluene- 
sulfonamide at 210° to give a mixture of products. The acetate of 
C(CH2Br)a p-C7H780O.NHNa 
C(CH2NHS02C7H7-p)4 +p-C7H7SO2N (CH2)2C (CH2NHSO2C7H7-p)2 


the tribromide gives two other substances whose formulas are shown. 
CHe 


a 
p-C7H7SO.NHCH——C (CHzNHSO2C7H 7Pp)2 
p-C7H7SO2N (CH2)2C (CH2)2NSO2C7H7-p 


The preparation of the sulfonamide of an arylamine by the reaction 
of a simple amide with an aromatic compound containing an activated 
halogen has been frequently described.** Most of the available ex- 
amples involve an alpha-halogenated anthraquinone or thioxanthone. 
The 1-amino-2-methyl-4-bromoanthraquinone obtained by bromina- 
tion of the amine reacts readily with p-toluenesulfonamide to give a 
95% yield of 1-amino-2-methyl-4-p-toluenesulfonamidoanthraquinone 
which can be hydrolyzed in a 97% yield to the 1,4-diaminoanthraqui- 
none. The reaction is not limited to alpha bromo compounds since 
1-amino-3-bromo-2-anthraquinonecarboxylic acid also reacts with 
p-toluenesulfonamide in the presence of copper acetate to give an 
amide which on hydrolysis yields 1,3-diamino-2-anthraquinonecar- 
boxylic acid. The equations show the behavior of typical chlorine 
compounds. 
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1 
Cc Cl 
+ 2p-C7H7SO2NHe2 aor 
Cl C 
l ) 
O | 
C NHOSC7H7-p 
p-C7H 7SO2HN J 
1 
Cc Cl 
KOAo 


+ p-C7H7SO2NHe a? 


S CH3(OCHs3) 
| 
NH SO2C 7H 7p 


Oy 


CH3(OCHs3) 


Miscellaneous Syntheses of Sulfonamides. It has been claimed *° 
that sulfonamides of secondary amines can be prepared by condens- 
ing a dialkylsulfamyl] chloride with an anilide. 


CHsCONHCsHs + (CHz)2NSO2Cl ——> 


CHsCONHCeH4802N (CHa)2 + HCl 


The majority of the monosulfonamidcs of aromatic diamines *® have 
been obtained by reduction of nitro or azosulfonamides. A novel 
method for preparing the mono-p-toluenesulfonamide of benzidine and 
similar diamines consists in the rearrangement of p-toluenesulfonhy- 
drazobenzene with concentrated sulfuric acid.‘ 


Hy804 


CeH 3NH N (OoSC7H 7p) CeHs — p-C:-H 7SO2.NH CeH aCeH4NH 2 
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Saccharin has served as the starting point for the preparation of a 
number of alkylsulfonamides. N-Alkylsaccharins undergo partial hy- 
drolysis with alcoholic alkali to form o-carboxybenzenesulfonamides,*? 
these reverting to the saccharin derivatives upon heating or treatment 
with acid. Several alkylsulfonamides have been obtained by the 


CO COONa 
>NR + NaOH — 
Oz O2NHR 


action of a Grignard reagent upon an N-alkylsaccharin followed by 
acid hydrolysis.4? The nature of the intermediate is not certain. Ap- 
parently it is not the sultam, which is produced by action of a dehy- 
drating agent on the amide. In addition to the product shown in the 
equation, sulfonamides have been prepared by this method from 


C=O 


\ HyS0, 
NCoHs5 + 2 CoH sMgBr _ [?] “Hho” 


Os 
OH 
C(C2Hs)2 C(C2H5)2 
_2one. E804 NCoHs 
SOe2eNHC2Hs . 
Sultam 


N-methylsaccharin with ethyl, isopropyl, and isoamylmagnesium bro- 
mides, and from N-ethylsaccharin with isopropyl and isoamylmagne- 
sium bromides. 

The preparations of some other sulfonamides are described in the 
section on substitution reactions of the sulfonamides. 


PROPERTIES AND REACTIONS OF SULFONAMIDES 


Physical Properties. The amides of aromatic sulfonic acids are 
with relatively few exceptions colorless crystalline solids that are only 
slightly soluble in cold water, this solvent or alcohol serving well for 
the purification of most of them. At room temperature 0.43 g. of 
benzenesufonamide dissolves in 100 g. of water ** while p-toluenesul- 
fonamide ** dissolves to the extent of 0.2 g. at 9°. 
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It has been found that the sulfonamides are associated in benzene *® 
and other *” organic solvents, just as are the amides and anilides of 
carboxylic acids, provided there is a hydrogen attached to the amide 
nitrogen. It is unlikely that sulfonamides are associated in polar 
solvents. 

The Raman spectra of benzenesulfonamide, sulfamic acid, and other 
compounds containing a nitrogen-sulfur linkage show a characteristic 
displacement believed *® to be assignable to this particular valence 
bond. The absorption spectra *® of p-toluenesulfonamide and its salts 
in the near infrared also have been determined. 

Baroni*® has reported the parachor for twenty-one sulfonamides 
and anilides at 200°. The values obtained are from 1 to 3 points 
below the calculated parachors but this discrepancy is not enough to 
indicate a deviation from the assumed structure which contains two 
semi-polar bonds. 

The crystallographic properties of o-toluenesulfonamide ** and for 
numerous p-toluenesulfonalkylamides ** have been reported in detail. 
The heat of fusion ** for o-toluenesulfonamide is 6700 cal. while for 
the para compound it is 5850 cal. 

Solubility of Sulfonamides in Alkali. Few quantitative data on 
the acid properties of amides of various types are available. It has 
been observed 42° that salts of sulfonamides are somewhat hydrolyzed 
in water as determined by their conductivity and extraction of the 
water solution with ether. Hydrolysis is slight in the case of tribromo 
and dinitrobenzenesulfonamide salts and N-benzoylbenzenesulfon- 
amide salts are practically neutral. It has been observed ** that sul- 
fonanilides can be titrated with an error of less than 1% by dissolving 
in 0.1 N sodium hydroxide and back-titration with 0.1 N hydrochloric 
acid in the presence of barium chloride with phenolphthalein as the 
indicator. The procedure is not applicable if an hydroxyl or amino 
group is present in the molecule. 

It was first remarked by Hinsberg** that the benzenesulfonalkyl- 
amides derived from a number of primary amines were soluble in 
alkali and that this made possible the separation of primary, sec- 
ondary, and tertiary amines. Solonina®’ later observed that this 
separation method encountered two difficulties; many primary amines 
readily formed alkali-insoluble dibenzenesulfonamides, and even the 
monoamides of some amines did not dissolve readily. In particular 
those derived from n-heptylamine, camphylamine, and 2-aminoun- 
decane were unaffected by dilute alkali. However, if concentrated 
sodium hydroxide is employed ** benzenesulfon-n-heptylamide is con- 
verted completely into the crystalline sodium salt which is alkali in- 
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soluble. This indicated that the difference in the amides might be 
due in part to the difference in properties of their salts rather than 
their basic properties. Duden,®® however, showed that 11% sodium 
hydroxide under a given set of conditions extracted 98% of the ben- 
zenesulfonethylamide from an ether solution whereas the n-heptyl 
compound practically all remained in the ether layer. Of course, two 
explanations may be given for these results. The distribution ratio 
of the amides between water and ether may be the important factor 
rather than their acidity. No data are available on either property. 

It has been found ® that the benzene- and p-toluenesulfonam- 
ides derived from benzylamine, o- and p-methylbenzylamines, and 
8-phenylethylamine as well as a number of p-bromobenzenesulfon- 
amides derived from aromatic amines * are nearly insoluble in alkali. 
On the other hand the nitrobenzenesulfonamides of both aliphatic and 
aromatic amines are alkali-soluble except for that obtained from 
p-bromoaniline and m-nitrobenzenesulfonyl chloride.*? Since the di- 
sulfonamides from primary amines and these nitro compounds are de- 
composed by 12% potassium hydroxide or alcoholic sodium ethoxide 
the nitrobenzenesulfonamides seem to be the most suitable derivatives 


(ArSO2)2NR + 2KOH — ArSOsK + ArSOs.NR~ + Kt 


for identifying mixtures of amines. Hydrolysis of these amides is 
difficult, however, so that recovery of the free amines is not practical. 

Hydrolysis of Sulfonamides. Since many of the sulfonamides from 
primary and secondary amines are separable by alkali, hydrolysis of 
these compounds is of interest as a means of obtaining pure amines. 
Sulfonamides are much less susceptible to hydrolysis, however, than 
are amides of carboxylic acids. Heating with concentrated hydro- 
chloric acid in a sealed tube at a high temperature *4%-5* 6 or refluxing 
for 12-36 hours * with 25% hydrochloric acid is necessary to com- 
plete the reaction. The latter more convenient method gives over 
90% yields of recovered amine except for nitrobenzenesulfonamides. 
The amides of alkylarylamines hydrolyze more rapidly than those of 
the primary arylamines and a m-nitro group retards hydrolysis less 
than this group does in the ortho and para positions. 

The behavior of the amides of aliphatic sulfonic acids is about the 
same as for the aromatic compounds. A variety of methanesulfon- 
arylamides hydrolyze when refluxed for 6 hours with sulfuric acid 
made from equal parts of the concentrated acid and water. The 
yields of recovered amines were from 70 to 80% of the theoretical 
amount. Hydrolysis of sulfonamides by letting them stand in con- 
centrated sulfuric acid for an interval of a day to a week or more 
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has been described as an excellent procedure in some instances.*%© A 
trinitration product of p-toluenesulfon-p-phenetidide undergoes cleav- 
age *? when heated at 100° with concentrated sulfuric acid. 


CH3 CHs OCeHs 
Oz N Oo NOz2 

— + 
NOe NO2 . INO2 


SoNHC OCsHs Soul NH, 


The hydrolysis of certain amides by strong sulfuric acid is, how- 
ever, complicated by the formation of rearrangement and sulfonation 
products. Amides of arylalkylamines are particularly prone to side 
reactions. Thus p-toluenesulfon-p-toluidide yields only the amine “ 
with three to one sulfuric acid (acid to water by volume) while the 
N-methyl] and ethy! derivatives give both sulfones and amines. With 
concentrated sulfuric acid the yield of sulfone reaches 80%. The 


p-C7H 7SO2N (CoH5) C7H 7p-—- 
CHs 
CHs 
{+ p-C7H7NHCoHs + C7H7S03H] 
HC2Hs 
/ eens <'6 ene 
80% 
effect of acid concentration has been investigated in more detail for 
N-methy!-p-toluenesulfon-p-anisidide.* Here 40% acid at 150° 
causes little hydrolysis, 60% acid produces a 60% yield of N-methyl- 
p-anisidine, while with 70% acid at 120° there is complete rearrange- 
ment to the sulfone. If the methyl group is absent 80% acid at 110° 
gives only 35% of the sulfone while with concentrated (d., 1.84) acid 
at 150° demethylation of the ether group, hydrolysis, sulfonation, and 
rearrangement all occur. In view of these results it seems unlikely 
that the patented process for sulfonating amines by treating their 
sulfonamides with sulfuric acid, which is claimed to both sulfonate 
and hydrolyze the amide, gives satisfactory yields of aminesulfonic 
acids.” 

Sulfonamides derived from diarylamines™ give essentially analo- 
gous results, p-toluenesulfonphenyl-p-tolylamide yielding two sulfones 
and a sulfonic acid when treated with concentrated sulfuric acid. 

In a few instances sulfonamides have been found to undergo 
cleavage when heated with chlorosulfonic acid. This is not, strictly 
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speaking, a hydrolysis but since the amine can be recovered from 
the reaction products it serves the same purpose. Benzenesulfondial- 
kylamides ***.7? when heated with chlorosulfonic acid at 130-150° for 
2 to 3 hours give 70% or less of the benzenesulfonyl chloride and a 
sulfamic acid from which a theoretical yield of the base may be 
obtained. 


CeHsSO2NRe2 + CISOsH — CeHsSO2Cl + ReNSOsH 
ReNSOsH + 2NaOH — Na2SO, + ReNH 


Other amides behave similarly.7* p-Toluenesulfon-p-toluidide with 
cold chlorosulfonic acid ** yields p-toluenesulfonyl] chloride and p-to- 
luidinesulfonic acid. Another method of cleavage which falls in this 
same category is that produced merely by warming the amide with 
acetyl or chloroacety!] chloride.?> This has been applied in preparing 
a number of amino acids. Simple amides, unfortunately, are not 
cleaved by this type of reagent, undergoing acylation.”® 


p-C7H7SO2NHCH2COOC2Hs + CH3COCl] — 
p-C7H7SO2Cl + CHsCONHCH2COOC2Hs5 


It has been reported that treatment of one complex amide with hy- 
drogen bromide in acetic acid brought about disulfide formation and 
bromination of an aromatic nucleus.” 


2p-C7H7SO2N (CeHs) CH2CH (OOCCeH 5) CH200CCeHs + 6HBr — 
(p-C7H78)2 + 2 2,4-BreCeHsNHCH2CH(OOCC¢gHs)CH200CCeH 5 
+ Bre + 4H20 


Heating sulfonamides with hydriodic acid also results in combined 
hydrolysis and reduction reactions.” The yield of amine is good if 
phosphonium iodide is present to remove the iodine as fast as it is 
formed. This method is particularly valuable in the recovery of opti- 
cally active amino acids from their sulfonamides. Sulfonic acids are 


ArSOz2NHCH:2COOH + 6HI — ArSH -++ HeNCH2COOH ++ 312+ 2H20 


not affected by hydriodic acid, although acid chlorides are readily re- 
duced. Amides of carboxylic acids are not reduced. Another pro- 
cedure combining cleavage with reduction depends upon sodium and 
butyl or amyl] alcohol.*?%78 


CHa " : CH2 
p-CrHySOa2NC SCHy oe Hac SNH [+ CrH7SO2Na] 
CH; CH, 
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Sodium in liquid ammonia behaves similarly.” In one instance zinc 
and sulfuric acid have been reported ™¢ to effect such a change. How- 
ever, p-toluenesulfonphenacylamide and y-p-toluenesulfonamido-8-ke- 
tocaproic acid cleave the other way with this reagent ™ giving a high 
yield of p-toluenesulfonamide. 


<*> p-C7H7S02NH2 + CoHsCOCHs 


ACI 


p-C7H 7S02NH CHeCOCeHs 


Two other miscellaneous procedures involving acids may be men- 
tioned. m-Nitrobenzenesulfonamide *° has been converted to the acid 
by treatment with nitric acid and boiling the product with ethyl] al- 
cohol. It was observed by Rouiller ®* that a number of sulfonamides 
when heated with benzoic acid at 220° or above give the benzamidine 
sulfonates in fair yields. 

Heating sulfonamides with strong alkali does not result in hydrol- 
ysis unless a nitro group is ortho or para to the sulfur.*2. The hy- 
drolysis of these nitrobenzenesulfonamides occurs first between carbon 
and sulfur rather than sulfur and nitrogen. 


o-OzNCeH.SO2NHCeH; + 2NaOH — 
o-OzgNCeH4ONa + CeHaNHSO3Na + H2O 
CeHsNHSO3Na + NaOH — CeHsNH2 + NazSO3 


In Table I is shown the extent to which various sulfonamides hy- 
drolyze when heated with 80% sodium hydroxide. The nitro com- 
pounds were heated for 30 minutes and the others up to 4 hours. 


TABLE I 
Hypro.ysis OF SULFONAMIDES 
Compound Temp., °C. Yield of Amine, % 
CeHSO,.NHC.Hs 250 0 
2,4,6-(CH3)sCeH2SO2NHCoHs5 170-225 0 
2,4,6-(CH3)sCeH2SO2N(CHs)CeHs 185-225 0 
2,4-BroCsHsSO2N HCeHy 210-215 0.8 
2,4-Br2CsHsSO2N (CH3)CeHs 210-215 0.6 
2,4,6-BrsCeH2SO2NHCeHs 210-215 5.3 
2,4,6-BrsCsH2SO2N (CHs)CeHs 210-215 3.4 
2,4-(O2N)2CeHsSO2NHCeHs 155 79 
2,4-(O2N)2CeHsSO2N (CHs)CeHs 155 71 


Heating the p-toluenesulfonamide of dihydroisoindole with 85% 
potassium hydroxide ** gave toluene and other products but not the 
amine. The behavior of the benzylmethylamide * is somewhat dif- 
ferent, benzalmethylamine, CsH;CH=-NCHsz, being one of the prod- 
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ucts. Benzenesulfonanilide with fused moist alkali gave aniline as 
one product. 

An interesting comparison of the behavior of sulfonates and sulfon- 
amides toward alkali is shown in the reaction of the dibenzenesulfonyl 
derivative of 6-chloro-4-methy]-2-aminophenol toward boiling 10% 
sodium hydroxide.*** A sulfonyl derivative of ethyleneimine reacts 


Cl 


OSO2CeH 5 
+ 2Na0H —> 
H3C INHSO2CeH 5 


Cl 


ONa 
+ CeHsSO3Na + H2O0 
Hz HSOeCeHs 


with n-butylamine,®°® presumably as indicated. 


ArSO2N(CHa)2 + CaHpNHe — ArSOs.NHCH2CH2NHC,gHo 


Condensation of Sulfonamides with Aldehydes. The reaction of 
formaldehyde with sulfonamides gives a variety of products, including 
plasticizers and resins. It was reported many years ago that benzene- 
sulfonamide ** gives with formaldehyde two products having the for- 
mulas (C;H;SO2N)2 and (C;H;SO2N)3. By heating the amide and 
formaldehyde in aqueous solution made slightly alkaline with potas- 
sium carbonate ®’ dibenzencsulfonylmethylenediamine, (CgH;SO2NH) e- 
CHe is obtained. In the case of p-toluenesulfonamide the reaction has 
been stopped at its initial stage to give the hydroxymethylamide. 
Heating with benzene converts this into the methylenediamine deriva- 


p-C7H7SO2NHe2 + HCHO — p-C7H7SO2NHCH20H 


tive which is accompanied by some dimeric anhydroformaldehyde-p- 
toluenesulfonamide. The latter is the chief product when the hydroxy- 
methylamide is treated with a dehydrating agent in alcohol. 


CH, 
2p-C7H7S0,NHCH20H —> p-CaHrSO2NC 2NSO.CrH-p + 2H20 
CH 


The only product isolated from the condensation of the aldehyde 
and p-toluenesulfonamide in alcohol in the presence of hydrochloric 
acid was the trimer, believed to be 1,3,5-tri-p-toluenesulfonylhexa- 
hydro-sym-triazine.** The yield was 40%. The same product was 
obtained more readily from the action of trioxymethylene with the 
sulfonamide in glacial acetic acid in the presence of sulfuric acid. 
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The trimer is formed in 80% yield as the sole product of the reaction 
of the sulfonyl chloride with hexamethylenetetramine in alkaline so- 
lution. The reaction of formaldehyde with o-toluenesulfonamide has 
been shown to give the methylenediamine derivative *? as well as the 
dimer and trimer,®* depending on the reaction conditions. Condensing 
p-toluenesulfonmethylamide or the phenylamide with formaldehyde 
gives the methylene derivatives as might be expected. Two products 
were isolated from the reaction of sulfanilamide with formaldehyde. 
It was suggested ** that they had the formulas CHz—NC,H,SO.NH2 
and H,.NCyH,SO,.NHCH.OH. 

A number of patents ®° have been granted on the preparation and 
use of various sulfonamide-formaldehyde products that are claimed to 
be of value as plasticizers, resins, and tanning agents."* It has been 
stated by Walter and co-workers °? that resins from disulfonamides 
can be made infusible and insoluble whereas monosulfonamide resins 
cannot. The resin from the diamide of p-sulfobenzoic acid is hydro- 
philic whereas disulfonamide resins are hydrophobic.*® Resins have 
also been prepared from sym-benzenetrisulfonamide and phenol-2,4- 
disulfonamide.™* 

In an earlier patent ® it was claimed that a resin can be obtained 
from p-toluenesulfonamide and furfural but this reaction has appar- 
ently not been studied further. 

A reaction that is related to the one between an aldehyde and a 

sulfonamide is that of sodium hydroxymethanesulfonate (formalde- 
hyde sodium bisulfite) with benzenesulfonamide.™ 


CeH sSO2NH2 + HOCH2S8S03Na _ CeHsSO2NHCH2803Na + H20 


Apparently no reaction of a ketone with a sulfonamide is known 
except where the two groups are in the same molecule.*’ Anthra- 
quinone-1-sulfonamide loses water readily. 


ae 


l SO2NHe2 


i 
O b 
Reaction of Sulfonamides with Diazonium Salts. It was first ob- 
served by Hinsberg ** that benzenediazonium chloride condenses with 
benzenesulfonamide in dilute alkaline solution. 
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CeHsN2Cl + CeHsSO2NHNa — CeHsSO2NHN==NCeHs + NaCl 


If the concentration of hydroxy] ions is appreciable there is obtained 
a diazo compound * identical with that produced by the action of a 
diazonium salt upon a sodium sulfinate.° 


p-CzHzN2Cl + CeHsSO2Na — CeHsSO2N==NC?7H?7-p + NaCl 
This result has been explained by demonstrating +" that in alkaline 


ArSO2NHN=N Ar’ aS ArSO2N—N=N—Ar’ -> ArSOz + Ar’Ng 


solution the compound first formed is unstable. The resulting sulfinate 
may then react as already indicated. Acid hydrolysis of the diazo- 
amide proceeds quite differently; the products are the amide, nitrogen, 
and phenol. Methylation, interestingly enough, adds the alkyl group 
on the nitrogen adjacent to the aryl nucleus. 


ArSO2.NH N=N—Ar’ + CH3I — ArSOz.NHN==N(CH3)—Ar’ + [HI] 


Diazo compounds obtained from aliphatic sulfonamides react in the 
same manner as the aromatic derivatives.*°? Sulfonanilides contain- 
ing a para substituent, in general, give diazoamino derivatives,* Ar- 
SO2N (Ar’) N==NCgHs, but no information on their stability was given. 
1-Benzenesulfonamido-2-naphthylamine and similar compounds with 
nitrous acid yield heterocyclic compounds * of the diazoamide type. 
When treated with ethyl alcohol the sulfonyl group is in general easily 
removed; however, this is not true for the product obtained from 


SOeCeH5 
NHSO2CeHs N——N 
2 HNO; IN C:H;0H 
H;0 
NH 
oN 


+ CeHsSO03H 


2-benzenesulfonamido-1-naphthylamine. 

Reaction of Sulfonamides with Acyl and Sulfonyl Halides. Aside 
from saccharin and its analogs and derivatives which are given sepa- 
rate treatment (see p. 616) only a few acylsulfonamides have been 
prepared, and their reactions have not been investigated to an appre- 
ciable extent. Benzenesulfonamide reacts with benzoyl] chloride ?** or 
p-isopropylbenzoyl chloride when the mixture is heated to 145°. 
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CeHsSO2NHez + CeHsCOC] — CeHsSOz2NHCOCgHs + HCl 


A few other similar reactions have been mentioned.1*%* Compounds 
such as N-acety]-p-toluenesulfonethylamide are claimed to be suitable 
for use as plasticizing agents for cellulose derivatives.1°? 

Succinyl chloride and benzenesulfonamide at 200° give the cyclic 
imide *°* whereas succinic anhydride with the amide and phosphorus 
oxychloride yield the disulfonylsuccinamide.?8 


CH2—C==0 
CeHsSO2NH2 + (CH2COCl2 — | >NSO2CeHs + 2HCl 
CH2—C=0 


pare 
CH2—C==0 
| >NSO2CeHs + NH4OH — NH,sOOCCH2CH2CONHSO2CeHs 
CH.—C=0O 

With ammonia the imide undergoes partial hydrolysis as shown. 
Phthalyl chloride reacts with benzene- or p-toluenesulfonamide ?* in 
boiling toluene, but the sulfonylphthalimide could not be obtained by 
heating the amide with phthalic anhydride, or from phthalimide and 
the sulfonyl chloride. A whole series of sulfonylimides has been pre- 
pared from the action of phthalic anhydride upon sulfonamides in the 
presence of phosphorus oxychloride. 

The solid potassium salt of o-benzenesulfonamidophenyl benzene- 
sulfonate 1° yields the acyl derivative when treated with an acid chlo- 
ride, 


O3SCeHs OsSCeHs 
+ CH3COCl — + KCl 
(K)SO2CeHs IN (COCH3)SO2CeHs 


Attempts to bring about ring closure by heating N-o-chlorobenzoyl- 
o-chlorobenzenesulfonamide +? with copper powder were unsuccess- 


Cl bs cat Cl CO oy 
+ — — no reaction 
COCI O2N He <_ 
O 
once 
+ 2H20 
pes 5 
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ful. However, o-aminobenzenesulfonylbenzamide is converted into 
a heterocyclic compound through the diazo reaction.14? Ring closure 
to a different heterocycle was effected through the action of hydrogen 
chloride. 


O2 
Og S % 
mais cn 4 + HO 
He "laa JeCHs 


o-Benzenesulfonamidobenzoyl chloride when heated with pyridine 
gives a quantitative yield of a bimolecular product.1!® This undergoes 
decomposition with alkali or aleoholic ammonia. 


SO2CeHs 

Coc! cau ( YCON xa, ( \CONH2 

— —> 

IN HSOeCeHs IN———-—C ade. HSOeCeHs 
SO2CoHs 


COONa 
NHSO2CeHs 


NaOH 


In the presence of alkali, sulfonamides react readily with sulfonyl 
chlorides to give the disulfonimides. These compounds, in fact, fre- 
quently interfere in the identification of primary amines by the Hins- 
berg reaction. Thus sodium or silver benzenesulfonamate ?** reacts 
readily with a sulfonyl chloride. The same compound results from 


CeHsSO2NHNa + CeHsSO2Cl — (CeHsSO2)2NH + NaCl 


the reduction of dibenzenesulfonylhydroxyimide with sulfur dioxide.**5 


(CeHsSO2)2NOH + H2SOz — (CeHsSO2)2NH + H2SOz 


Disulfonyl derivatives of aromatic amines have been investigated by 
Bell*¢ The p-toluenesulfonamides of aniline, @-naphthylamine, and 
p-aminobiphenyl show little tendency to react with another mole of 
p-toluenesulfonyl chloride but the nitroanilines give the disulfony] 
derivatives when heated in pyridine solution with the sulfonyl chloride. 
Two moles of m-nitrobenzenesulfonyl chloride react with aniline after 
heating several days in pyridine. 
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The disulfonanilides are readily cleaved by the action of piperidine. 
Where two different sulfonyl groups are present only one may be re- 
moved. 


(p-CH3CeH48O2)2NCgHaNOe-p + CsHioNH — 
p-CH3CsHsSO2NHCeHsNOe-p + p-CH3sCeHs48O2NCsHi0 
p-C7H7802(m-O2NCe6HsS02)NCeH4NOe-m + CsHioNH — 
m-O2NCeH4SO2NTCgHsNOo-m + p-C7H7SO2NCsHio 


Substitution Reactions of Sulfonamides. What little evidence there 
is indicates that simple sulfonamides and their N-alkyl derivatives 
substitute meta to the sulfur, the sulfonamide grouping showing a di- 
rective influence similar to that of the sulfonic acid and sulfonyl chlo- 
ride groups. Attempts to introduce substituents into the nucleus of a 
sulfonamide are complicated by reaction of the amide group in prac- 
tically all instances. The halogens and hypohalous acids give only 
N-substitution products cxeept with a compound such as sulfanilamide 
(see p. 600), whereas sulfuric or chlorosulfonic acid produces cleavage 
to the sulfonic acid or acid chloride and an amine salt (see hydrolysis 
reactions). Benzenesulfonamide*!”7 and its N-alkyl derivatives 1* 
yield N-nitro compounds first, but with an excess of concentrated nitric 
acid it is possible to introduce a nitro group into the benzene ring.'!® 
Amides of p-toluenesulfonic acid }*° behave similarly while p-carboxy- 
benzenesulfonmethylamide **! nitrates only on the nitrogen. One 
might expect from this that sulfonamides of dialkylamines would sub- 


CeH;SO2NHCH3 — CeHsSO2N(NO2)CH3 — 
m-O2NCgH.4S02N (NO2)CH3 


stitute directly in the ring but benzenesulfondimethylamide yields di- 
methylnitroamine***° and the diethylamine derivative is converted 
into benzenesulfonethylnitroamide. Dibenzenesulfonpiperazide 1?* re- 
acts as shown in the equation. It has been reported 18 that p-toluene- 


CeHsSO2N(CH2CH2)2NSO2CeHs + 2HNO3 — 
OzNN(CH2CHa2)2NNOz + 2Ce6HsSO3H 


sulfonylglycine may be mono- and dinitrated without substitution on 
the nitrogen occurring. It is apparent that the presence of the car- 
boxy] group reduces the reactivity of the imino hydrogen. 

Many investigations have been made of the substitution reactions 
of N-arylsulfonamides. Halogenation and nitration of the amine 
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nucleus occur easily but sulfonating agents yield hydrolysis products 
in all reactions so far reported. Under proper experimental conditions 
such as the use of sulfur trioxide or chlorosulfonic acid in a solvent, 
sulfonic acids might possibly be prepared. 

It is to be expected that the ease of substitution of an anilide would 
decrease with an increase in the strength of the acid from which the 
anilide is derived, and this has been suggested for the relative case of 
chlorination of acetanilide and sulfonanilides.?24 This idea is not gen- 
erally valid, however. A quantitative study of relative chlorination 
rates in 99% acetic acid at 20° of various anilides ** showed that 
while benzenesulfonanilide chlorinated only two-thirds as fast as acet- 
anilide and benzanilide, formanilide reacted much more slowly and 
gave a relative rate of 9.2 against 43 for benzenesulfonanilide. 
Jones 7** found that benzenesulfon-o-chloroanilide chlorinated about 
60% as fast as the p-toluene-derivative. Brominations in pyridine 
and nitrations under various conditions occur more readily for sulfon- 
amlides than for anilides of carboxylic acids. In these two substitu- 
tions the aromatic sulfonamido group has a directive influence quite 
comparable to that of phenolic hydroxyl. It is interesting to note that 
these two groups are similar in that in each the atom attached to the 
nucleus bears a weakly acidic hydrogen. Replacing the hydrogen by 


OH ArSO2—NH 


an alkyl] decreases the ease of substitution in either type of compound. 

The results obtained in the chlorination of a variety of sulfonamilides 
in ether or tetrachloroethane solution at ordinary temperatures ?** are 
shown in Table II. Substitution occurs only in the amine nucleus. 
Various sulfonamides of p-phenetidine do not yield homogeneous re- 
action products. It is to be noted in Table II that amides of nitro- 
toluenesulfonie acids are chlorinated less completely than amides not 
containing the nitro group. 

An investigation of the bromination of toluenesulfonanilides 1?" 
showed that mono and dibromo compounds could be prepared but 
further action of the halogen split the molecule to yield the toluene- 
sulfonyl bromide and tribromoaniline. Ortho and p-toluidides mono- 
brominate readily. The N-methyl derivative of the latter also bro- 
minates readily, the 2-bromo compound being readily split by excess 
bromine. 
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CH3NSO2C7H7-p CH3NS02C7H7-p 


H3 H3 


+ p-C7H7SO2Br 


CHs 


A comprehensive study of the bromination reactions of 4- (p-toluene- 
sulfonamido)-biphenyl #78 and some nitro derivatives demonstrated 


TABLE II 
CHLORINATION OF SULFONANILIDES 


Chlorination Yield, M.P. of 


Sulfonanilide Product % Product, °C. 
p-C7H7SO2NHCesH5 2) 4’-dichloro iwc eee 
4,3-CH3(OoN)CeH3SO2.NHCgHs 4’-chloro and other 45 ~~ ....... 

products 
2,5-CH3(O2N) CeH3SO2.NHCe6Hs 4’-chloro 85 176 
B-CyoH7SO,.NHColI, 4’-chloro 70 94 
p-C7H7SO2NHCeH,CH3-2’ 4’-chloro 90 143 
4,3-CH3(O2N) CeH3SO,.NHCgHiCHs-2’ 4’-chloro i (ei. 139 
o-C7H7SO,.NHC,gH,yCH3-2’ 4-chloro is 154 
2,5-CH3(O2N)CgHsSOz2NHCgHsCH3-2’ No reaction (7) swe ce ee ee 
B-CipH7SO2NHCeHyCH3-2’ 4’-chloro is 179 
p-C7H7SO2NHC,sH,CH3-4’ 2’-chloro (6% ex- 60-65 103 

ceas Cle) 

2',3',5’-trichloro sis 176 

(excess Cle) 
4,3-CH3(O.N)CsHsSO,NHCsHiCH3-2’ 9 4’-chloro 80 152 
2,5-CH3(O2N)CsH3SO2NHCeHiCH+4’ 9 2’-chloro 75 154 
B-C1pH7SO.NHCeH,CH+-4’ Mixture ete ; 
p-C7H7SO2NHCyoH7-1’ } agg 
>-C7H,SO,NHCyHCl-1’ 4’ 2’) 4’-dichloro sis‘ a 188 


4,3-CH3(O2N)Ce6H3SO2N HCoH7-1’ Mixture ese ne eee 


2,5-CH3(O2N)CgHsSO2NHCyoH7-1’ 4’-chloro 75 177 

8-CjpH7SO.NHCioH7-1’ 4’-chloro sia 160 

p-C7H7SO2NHCioH7-2’ 1’-chloro (SO2Clz as 87 112-114 
reagent) 

[4-(p-C7H7SO2N H)CeHale 3,3’-dichloro 80 194 

[4-(8-C10H7SO2NH)CgHaJe 3,3’-dichloro 70 237 


that the position taken by the bromine atom was largely a function 
of the reaction medium. Thus in pyridine dibromination gives the 
3,5-compound while in chloroform reaction occurs at the 3,4’-positions. 
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Br HNSO2C7H TP HNSO2C;H7-p 
i T 2Bre 2Brq 
i CHCl; CsHsN 
HNSO:sC7H7-p 
Br Br 


The latter compound further brominates to the 3,5,4’-tribromo deriva- 
tive. 3-Nitro and 3-bromo-4-p-toluenesulfonamidobipheny] brominate 
in the 5-position in pyridine and in the 4’-position in acetic acid. 
4-(o-Toluenesulfonamido)-biphenyl brominates analogously to the 
para isomer. 

The behavior of a variety of N-arylsulfonamides toward nitration 
has been reported in the literature. The results of these investiga- 
tions are summarized in Table III. In general the sulfonamido group 
possesses a stronger directive influence than does an ether linkage. 

The process of preparing dinitroarylamines by nitration of sulfon- 
anilides ##® and hydrolysis has been patented. 

Nitration of sulfonamides with nitrogen tctroxide yields products 
similar to those listed in Table ITI. If the sulfonamide is derived from 
a secondary amine even excess of the oxide does not introduce more 
than one nitro group, however.??? 

Methanesulfonanilide nitrates similarly to the derivatives of aro- 
matic sulfonic acids.?*° 

The similarity in the directive influences of the phenolic and sulfon- 
amide groups is again evident in the reaction of sulfonamides of aro- 
matic amines with diazonium compounds in alkaline solution.**! The 
resulting azo compounds may be converted into amines ‘®? without 


NHSOzAr 
+ Ar’N2Cl + NaC2H302 
NHSOzAr 
+ NaCl + CH3COOH 


N==NAr’ 


loss of the amide group. 
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TABLE III 
NITRATION OF SULFONANILIDES 


Position(s) of M.P. of Nitro Comp.,°C 
sulfonamide Nitro Group(s) and Reference 


Primary Amines 


p-C7H7SO.NHCglI5 4’- 191! 
CeHsSO2NHCe6H,.Cl-2’ 4’. 161! 
CesH,SO2.NHCsH4NO,2-2’ 4’ ,6’-di- (?) 210-211" 
CsH;SO.NHCsH4NO?-4’ 2’ ,6’-di- (2) 210-2111" 
p-C7H7SO2N HCsH4NO,-4’ 2'- 1618 
p-C7H7SO2N HC6H,Cl-2’ 4’. 164! 
p-C7H7SO.N HCgH,Cl-4’ 2’- 110¢ 
p-C7H7SO2N HC6H,4CH;-2' 4'- 173-175! 
m-OoNCell4SO2N HCgH,NO>-2’ 4’. 210 
p-C7H7SO2N HC6H,C2H¢-2’ 4’. 107) 
p-O2NCgH,SO2NHC.sH,CH3-4’ 2’ ,6’-di- 185? 
p-C7H7;SO2NHC6H3(CH;)Cl-4’,2’ 6’- (?) 1973 
p-C7H7SO2N HCs5H3(CH3)Cl-2’,4’ 6’- 1453 
2,5-CH3(O2N)CeH3S02NHCe6Hs 4’. 23 
2,5-CH3(O2N )CsH3SO2N HCgl1,CH3-4’ 2’- 189° 
p-C7H7;SO2NHCe6H3(CH3)2-2’,5’ 4’. 185: 
CsH;SO.NHC;H,OCH3-2’ 4’- 181! 
p-C7H7SO2NHC.H4,OCH3-2’ 4’. 175) 38 
CsH;SO2NHCs.H,0C2H;-4’ 2'- 724 
p-C7H7SO2.NHCsH,OC2H5-4’ 2'- 944 
p-C7H7SO2NHC¢6H3(OC2Hs) CH3-2',5’ 4'- 150! 
2'- 135° 
2’ ,3’-di- 173-175° 
4,3-CH3(O2N)CgsH3SO2NHCsH,OCH;3-4’ 2',5'-di- 152° 
2’ ,6'-di- 147° 
2’,3’ 6’-tri- 188-189* 
2'- 135-136" 
4,3-CH3(O2N)CsHySO2NHCsH,OC2H5-4’ Gat dent 
t 2’ ,3’-di- 163'° 
2’ ,3’,6’-tri- 233-2341° 
5 
4-(p-C7H7SO2N H)CeHuCoeHs ke 3,5-di- i gg? 
4-(m-OzN CeH,8O2NH)CHsCoHe o ee ioe 
2-(p-C7H7SO2NH) CeHiCoHs 1o ede i 
150° 
2-(m-O.N CesH.SO2N H) CeHyCeHe : b-di- 1488 
: ,5,4'-tri- 170-1758 
3,4-Br(p-C7H7SO2N H)CeH3CeHs 191? 
4-(p-C7H7SO.N H)CegH4CgH,Br-4’ a 233" 
3,4-Br(p-C7H7SO2NH) CeaH3CsH4Br-4’ 5- 2297 


3,4-Br( p-C7H7SO2NH) CgH3sCeH4NO--4’ 5- 2507 
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TABLE III (Continued) 


Position(s) of M.P. of Nitro Comp.,°C. 


Sulfonamide Nitro Group(s) and Reference 
Primary Amines (Continued) 

2-(p-C7H7SO2NH)CeHiCeHyNO,-4’ 3,5-di- 1908 
[4-(p-C7H ;SO2N H) CeHale 3,3'-di- 2204 
1-(CeHsS02NH)Cy)H7 2,4-di- 185-1863 
2-(CeHsSO2NH)CioH7 1- 156% 2 
4,1-Br(CeHsSO2NH)CioHe 2- _ 
1-(p-C7;H7SO2NH)C10H7 2,4-di- 8 

[1- 160-161" 
2-(p-C7H7SO2N H)Ci0H | 1,6-di- a 
2,6-(p-C7H:SO2NH)CyHsS03H 1- La 

Secondary Amines 
p-C7H7SO.N (CH3)CsHs 2’- and 4’- 126" and ? 
p-C7H7SO2N (CeHs5)CeHs 4’- 107! 
CelIgSO2N (CH3) CeHaN 02-2’ 4’ 6'-di- (?) 181-1823 
4-[p-C7H;SO.N (CHs)|CeHyCoHs 3- 157" 
2-[CeHsSO2N (CH3)JCyoH7 1- 158, 159% 
2-[p-C7IT;SO2N (CH3) JCyoH7 1- 152-1534 
1,6-di- 180-1813 

2-[p-C7H7SO2N (CyHo-n) JCioH 1- 129-130" 
p-C7H7SO2N (CoHs)2 4',4!-di- 167-168" 


1 Akt.-Ges. fiir Anilinfabrik, German pat., 157,859, Chem. Zentr., I, 415 (1905); German pat. 


163,516, ibid., 1], 1207 (1905). 
2 Bell, J. Chem. Soc., 2770 (1928). 


3 Schuloff, Pollak, and Riesz with co-workers, Ber., 62B, 1846 (1929). 


4 Akt.-Ges. far Anilinfabrik, German pat., 164,130; Chem. Zentr., I], 1476 (1905). 


§ Bell and Kenyon, J. Chem, Soc., 2705 (1926). 

6 Bell, ib¢d., 1071 (1930). 

7 Bell, ibid., 2338 (1931). 

8 Bell, J. Chem. Soc., 2787 (1929). 

® Reverdin, Helv. Chim. Acta, 7, 567 (1924). 

10 Reverdin, rbid., 8, 602 (1925). 

11 Bell and Robinson, J. Chem. Soc., 1127 (1927). 

13 Morgan and Godden, tbid., 97, 1711 (1910). 

13 Morgan and Micklethwait, ibid., 101, 143 (1912). 


44 Reilly, Drumm, and (’Sullivan, J. Soc. Chem. Ind., 46, 436 (1927). 

18 Reverdin and Crépieux, Ber., 35, 1442 (1902). 

16 Opolaki, Anz. Akad. Wise, Krakaw, 26 (1910); C.A., 5, 1398 (1911). 

17 Opolaki, Ber., 40, 3528 (1907). 

18 Mosby, Olpin, and Ellis, U. S. pat., 1,883,393, C.A., 27, 731 (1933). 

19 Hodgson and Walker, J. Chem. Soc., 180 (1934). 

Miscellaneous Reactions of Sulfonamides. Treating benzenesulfon- 
amide with one mole equivalent of nitrous acid at 15° in aqueous 
solution 183 produces benzenesulfonic acid, dibenzenesulfonhydroxyl- 
amine, and benzenesulfonamide in about equal amounts. No further 
study of this reaction has been found. Benzenesulfonethylamide has 
been converted into the nitroso compound *** which with potassium 


naphthoxide yields the ethyl ether. 
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CeHsSO2N(NO)C2Hs + 8-CioH7OK — §-CioH70C2Hs + ? 
When treated with 100% nitric acid in sulfuric acid at 0° benzene- 
sulfonamide gives the nitramide.*#* This is one of the strongest of the 
ammono acids, forming salts stable in water solution; most of these 
are soluble in liquid ammonia.1*¢ 


CeHsSO2NH2 + HNO3 — CsHsSO2NHNO:2 + H20 
Heating a sulfonamide in solution with an aromatic mercury com- 


pound **7 results in mercuration of the amide group to give a compound 
claimed to be valuable as a germicide, insecticide, or fungicide. 


CeHsSO2NH2+C.HsHgOOCH3 — CsHsSO.NHHgCsH5+CH3COOH 

Sodium benzenesulfonmethylamide reacts with cyanogen bromide '** 
to give the cyanamide. «-Naphthylcyanamide has been prepared from 
the sulfonyl chloride.*%* Upon heating the cyanamide to 150° in a 


CeHsSO2N(Na)CH3 + BrCN — CeHsSO2N(CN)CH3 + NaBr 
CipH7SO2Cl + NaNHCN — CipH7SO2NHCN + NaCl 
vacuum decomposition into the amide and cyanuric acid takes place. 

As might be expected, fusion of sulfonamides with alkali gives re- 
sults similar to those obtained with sulfonic acids. It has been men- 
tioned earlier that certain sulfonamides may be hydrolyzed by heating 
with strong aqueous alkali. With potassium hydroxide and lead di- 
oxide at 220° the toluenesulfonamides give a mixture of products.’* 


o-CH3CsH4SO2NH2 —> 
o-CH3CsH4,OH + o-CeH4(OH)COOH + CeHsCOOH 


By working up the reaction mixture obtained from heating benzene- 
sulfonamide with phosphorus pentachloride ** there was obtained a 
phosphorus oxychloride derivative. p-Sulfamidobenzoic acid at a high 


PC 
CsHsSO2NH2 ~~» CyHsSO2.NHPOCl 
temperature with the same reagent yields p-chlorobenzonitrile.’* If 
the temperature is kept at 220° the intermediate p-cyanobenzenesul- 
fonyl] chloride results ?** while at a somewhat lower temperature *** a 
phosphorus compound was isolated. 


HOOCC.H4SO2NH2 + 2PCls > ClOCCsH4SO2NPCl3 + POCIs + 3HCl 

Long heating of benzenesulfonanilide with phosphorus pentachlo- 
ride 1*° results in chlorination to give benzenesulfon-p-chloroanilide as 
the chief product. 
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Phosphorus oxychloride apparently has no effect upon the amide 
group but does bring about ring closure when it acts upon p-toluene- 
sulfon-8-anilinopropionic acid 7** and similar compounds. 


cl 
C 
CH2COOH pyc, \cu 
= | +HPOs + 2HCI 
H H 
JE 2 ee 2 
O.S—CrH O.SC/Hy 


The sodium salt of p-toluenesulfonanilide and similar compounds 
react with sulfuryl chloride to give the N-chlorosulfonyl-p-toluene- 
sulfonanilide.4** These compounds are similar in behavior to tri- 
chloromethanesulfony] chloride; the chlorine hydrolyzes with difficulty, 
and the compounds show oxidizing properties. Titanium tetrachloride 
forms an addition compound with p-toluencsulfonamide #7 but no 
further reaction was observed. 

Phenyl isocyanate reacts with benzenesulfonamide as it does with 
most compounds containing an active hydrogen.**® Benzenesulfonyl 
isocyanate reacts in similar fashion.** These urea derivatives have 
not been studied further. 


CeHsSO2NCO + CeHsSO2NHez — (CeHsSO2NH)2CO 


It has been found '*° that heating p-toluenesulfonamide and other 
more complex amides in acetic acid with xanthhydrol produces a con- 
densation product, probably as shown in the equation. 


O O 
et V + p-C7H 7SO2NH2 > + H20 
Cc 
gs 


oS 
H OH H NHSO2C7H 7-p 


It has already been noted in the section on hydrolysis of sulfona- 
mides that heating an amide with benzoic acid produces an amidine 
sulfonate as the principal product. This reaction was discovered as 
the result of the pyrolysis of compounds containing carboxy and sul- 
fonamide groups in the same molecule.*;14%24-15!| Heating p-carboxy- 
benzenesulfonamide at 220° gives a mixture of at least four sub- 
stances: p-carboxybenzenesulfonic acid, the ammonium salt of this 
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acid, benzamidinesulfonic acid, and a substance with the same empiri- 
cal formula as saccharin but whose formula is unknown. Benzamide 
and benzenesulfonamide do not react at 220° unless there is a molec- 
ular equivalent of benzenesulfonic acid present.2?| By treatment with 
phthalic acid benzenesulfonamide is converted practically quantita- 
tively into the sulfonic acid. The meta and para acids yield the di- 
nitriles in both cases. For the behavior of other acids the original 
should be consulted. 


COOH C=O 
+ CeHsSO2NH2 — >NH + CsHsS03H + H20 
COOH C=O 


p-Toluenesulfondiphenylamide '** gives no indication of reacting 
with phenylmagnesium bromide at room temperature. The ethyl esters 
of sulfonamidoacetic acid react with a Grignard reagent at the ester 
group.}53 


CsHsMgBr 


p-C7H 7SO2NH CH2COOC2H 5 aera 
p-C7H7SO2NH CH2C(OH) (CoH s)2 


Ht has been shown that certain sulfonamides derived from aryl 
ethers where the ether linkage is activated by a nitro group undergo 
rearrangement in alkaline solution.’** This is illustrated by the equa- 
tion. The N-methylamide behaves similarly. 


NO2 CH3 aon NO. HO 
———> 
1 N—SOz ICH3 
H 


O SOesNHe2 


The oxidation of p-toluenesulfonamide to the carboxylic acid occurs 
in the body.***> The benzenesulfony! derivative of a-(N-methylamino)- 
laurie acid is oxidized down to the adipic acid derivative. Other oxi- 
dations of toluenesulfonamides are described in the section on sac- 
charin. 


SULFANILAMIDE AND RELATED COMPOUNDS 


The general methods utilized in preparing sulfanilamide and its 
derivatives have been described in an earlier section. Here the chemi- 
cal properties and methods for analysis of these compounds are given 
where they have any interest from the standpoint of sulfonamide 
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chemistry. No attempt has been made to list the known compounds 
or to describe their pharmacological behavior as these items are thor- 
oughly covered in other publications.? 

Reactions of Sulfanilamide. One of the interesting aspects of sulf- 
anilamide chemistry is the difference in behavior of the two -NHe 
groups toward various reagents. While the ring nitrogen is slightly 
basic the amide group is acidic and the basic group is the one that 
reacts with most reagents. For example, when heated with ethyl 
oxalate the mono-anilide }** results. 


(COOC2Hs)2 + HeNCsH4SO2NH2 > 
C2Hs00CCONHC.sH48O02NH2 + C2H50H 


With any of the common acylating agents the amide group is like- 
wise undisturbed.!*7 Succinic and phthalic anhydrides ?** give the 


RCOCI + HeaNCoHsSO2NH2z — RCONHC.H48O2NH2 + HCl 


mono-anilides. In the case of the o-aminobenzencsulfonamide 1" acet- 
ylation of the amino group is possible but on heating the anilide to 
200° or treating with acetic anhydride ring closure occurs. 


NH» cxsco0, Ncoc, a \c—ciis 
O.NHNa boat, NH 


Sulfanilamide reacts with an aldose such as d-glucose or d-mannose 
under a variety of conditions + to give comparatively non-toxic crys- 
talline products, presumably with the formula shown. 


CeH11050H + HeoNCgH.zSO2NHe —> Ce6H11O0sNHCeH4SO2NHe2 + H20 
The enol form of a-bromotetronic acid also condenses.@ 
SO2NH2 
HOC====CBr 
H2NCoH4SO2NH2 + | aes 
CH, C=0 HN—C: 
STS 
O HeC C=0 


Q 
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Nitrosobenzene reacts with the basic amino group to give the azo 
compound.!® Oxidation !® of sulfanilamide gives either the azo- or 
azoxybenzenedisulfonamide except that hydrogen peroxide and hy- 
drochloric acid give the dichlorosulfanilamide. Oxidation in the body 
forms a number of products; *** glucuronates of p-aminophenol and 
p-(N-acethydroxylamino) -benzenesulfonamide, p-hydroxylaminoben- 
zenesulfonamide, and pigments derived from the aminophenol have 
been reported. With hydrogen peroxide in the presence of iron sub- 
stantially the same products are obtained as in the body.’ , 

The irradiation of an aqueous solution of sulfanilamide results in 
the formation of ammonia and also some sulfur appears as sulfate ion. 
This behavior is not shared by the ortho and meta isomers and by the 
N-acetyl derivative.1* 

It has been mentioned that sulfanilamide can be chlorinated in the 
nucleus. With iodine monochloride *** mono- and diiodo compounds 
are produced. The action of an acid upon the monoicdination product 
partially converts it into the diiodo compound. Iodine in sodium bi- 
carbonate brings about oxidation to the azobenzenedisulfonamide. 
The action of potassium permanganate upon the diiodosulfanilamide 
yields the nitroso compound. 

Sulfanilamide can be diazotized normally and converted into the 
phenol in about 65% yield.18* Antimony derivatives ?*® have also 
been made from the diazonium salt. The 3-nitrosulfanilamide pre- 
pared through nitration of N*-acetylsulfanilamide, followed by hydrol- 
ysis, reacts with alkali with evolution of ammonia to give the phenol- 
sulfonamide. 

Analytical Determination of Sulfanilamide. A variety of analytical 
procedures for the estimation of sulfanilamide have been developed 
because of the importance of being able to determine the purity of 
any sample of it used as a drug and because of the interest in its fate 
after introduction into the organism. On a micro-scale sulfanilamide 
gives characteristic products with iodine monochloride, formaldehyde, 
picric acid, and mercury salts.1° The appearance of sulfanilamide 
crystals under the polarizing microscope has been described.17® The 
purity of a sample may be found by determining its crystallizing 
point ?7* or by analysis by one of the procedures useful for sulfanila- 
mide solutions. The titration of sulfanilamide with standard bromate- 
bromide solution, followed by addition of potassium iodide and back- 
titration with thiosulfate gives results that are consistently a little 
high.??? Hydrolysis by refluxing for 30 minutes with 75% sulfuric acid 
followed by adding alkali and by distilling and titrating the ammonia 
works satisfactorily. 


ANALYTICAL DETERMINATION OF SULFANILAMIDE 601 


All the procedures most frequently employed for determining quan- 
titatively the minute amounts of sulfanilamide in body fluids involve 
the formation of highly colored compounds. The color produced is 
then compared with that obtained from a known amount of the amide 
under the same conditions. Marshall +78 found that diazotization and 
coupling with dimethyl-e-naphthylamine worked well. For this amine 
there have been substituted diphenylamine,!7* N-e-naphthylethylene- 
diamine,’™*° a-naphthol,?7* and chromatropic acid,??7 and undoubtedly 
other arnines and phenols would serve. Many practical applications 
of Marshall’s method and its modifications have been described.17”? A 
second type of colorimetric method involves a condensation reaction 
of an aldehyde or quinone with the amino group of sulfanilamide. 
Schmidt ?*° has made use of 8-naphthoquinone-4-sulfonate. Other in- 
vestigators **° have employed cinnamic aldchyde and p-dimethylami- 
nobenzaldchyde.**1 Benzaldehyde and cinnamic aldehyde have also 
been used in microscopic identification procedures.1*? Condensing an 
acridinealdehyde **3 with sulfanilamide at 150° gives a yellow anil, but 
apparently it was not used for analytical purposes. 

Other observations of possible value in analytical procedures include 
the fact that p-cresoltyrosinease ?** gives a red color with a number 
of sulfanilamide drugs, including compounds in which the amino group 
is altered; 1*° hydrogen peroxide gives a blue-violet derivative unstable 
in water but stable in n-butyl alcohol; 78° and with copper sulfate,?8” 
complex ions are formed. 

Some information is available on analytical] methods for other drugs 
of the sulfanilamide series.'** The acy] group of N*-acylsulfanilamide 
derivatives hydrolyzes readily even at 37.5° with dilute hydrochloric 
acid.?8® Such compounds can therefore be determined quantitatively 
by the methods used for sulfanilamide provided a preliminary hydrol- 
ysis is carried out. 

Two methods for distinguishing between sulfanilic acid and sulfanil- 
amide have been mentioned.1® Upon heating, the former carbonizes 
whereas the latter gives an intense violet color. Sulfanilamide also 
gives characteristic needles with bromine in aqueous potassium bro- 
mide.1*° 

The potentials existing in a solution where sulfanilamide is being 
oxidized with cerric sulfate ?*! have been measured but the results 
apparently have not been applied to analytical procedures. Of some 
interest to the analyst is the report ?® on the solubility of sulfanilamide 
in mixtures of water and ethylene, propylene, or diethylene glycol. 
The last mentioned is by far the best solvent. 
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SOME N-SUBSTITUTED DERIVATIVES OF SULFONAMIDES 


Ha.ocen DeErivaTIvEs 


The Action of Halogens and Hypohalites upon Sulfonamides. The 
action of a hypohalous acid or a hypohalite upon an aromatic sulfon- 
amide in water solution replaces the amide hydrogen by halogen. In 
alkaline solution only one hydrogen is replaced and the alkali salt of 
the chloroamide results. Thus when p-toluencsulfonamide is dissolved 
in 1.3 to 2.0 N sodium hypochlorite containing one equivalent of so- 
dium hydroxide,' part of the sodium salt crystallizes directly as the 
trihydrate and the remainder may be obtained by evaporating the 
solution. This compound is known commercially as Chloramine T. 


p-C7H7SO2NH2 + NaClO — p-C7;H;SO2NHCl + NaOH 
p-C7H7SO2NHCI + NaOH — p-C7H7SO2NCINa + H20 


It is not necessary to have the excess alkali present since with 1.2 
equivalents of hypochlorite followed by the addition of saturated so- 
dium chloride solution? a 90% yield of the sodium salt separates. 
This contains some sodium chloride, readily removed by crystallizing 
the product from twice its weight of hot water. 

A process described in the patent literature * involves the reaction 
of the sulfonamide with calcium hypochlorite and the addition of other 
inorganic salts to take up the water after the reaction. 

An 85% yield of potassium p-toluenesulfonbromoamide separates 
when a mixture of 10 g. of p-toluenesulfonamide, 40 ml. of water, and 
4 ml. of bromine is treated with 15 ml. of 50% alkali solution.* Simi- 
larly the alkali salts of sulfoniodoamides are conveniently obtained 
when concentrated sodium or potassium hydroxide is added to a mix- 
ture of the sulfonamide and iodine in the alkali iodide solution.5 

Although the monochloroamides have been obtained pure only as 
their salts, in the preparation of p-carboxybenzenesulfondichloroamide 
(Halazone) by commercial methods a mixture of the mono- and di- 
chloroamides results.* In these procedures the amide is acted upon by 
sodium hypochlorite or hypochlorous acid in basic solution, and then 
the solution is acidified. The higher the concentration of acid in the 
resulting solution the more monochloroamide is present in the precipi- 
tate. However, the dichloroamide still predominated under any condi- 
tions investigated. 

The amides of aliphatic sulfonic acids do not appear to react with 
hypochlorites; 7 at least the N-chloro compounds could not be isolated. 
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w-Toluenesulfonamide is an exception® although y-phenylpropane-, 
cyclohexane-, and 1,2-ethanedisulfonie acids do not react. 

The action of a halogen upon an aromatic sulfonamide in neutral 
or slightly acidic solution leads to the substitution of both hydrogens 
by halogen. Thus Kastle® first observed that passing chlorine into a 
solution of sodium benzenesulfonamide gives the dichloroamide. 


CeHsSOoNHNa + 2Cle ? CeHsSO2NCle + NaCl + HCl 


A more convenient procedure consists in dissolving the amide in 
bleaching powder solution and acidifying with acetic acid.t° Carbon 
dioxide under pressure? is also suitable as an acidifying agent. An- 
other convenient method }* consists in dissolving the amide in aqueous 
sodium acetate and saturating the solution with chlorine. An adapta- 
tion of the original method of Kastle® has been used in large-scale 
production.##¢ 

The preparations of the chloro and dichloroamides of azobenzene- 
sulfonic acids have been described.*®? 

N-Alkyl- and N-arylsulfonamides react with one molecular equiva- 
lent of hypochlorous acid. To prevent nuclear substitution in the case 
of the aryl compounds it is necessary to keep the solution at the neu- 
tral point,** rearrangement of halogen occurring under a variety of 
conditions.#® 


ArSO2NHR + HOC! — ArSO2NCIR + H2O0 


The sulfondibromoamides ®»-?* are easily ?° obtained by shaking the 
sulfonamide with hypobromous acid solution prepared from bromine 
water and mercuric oxide. The yields are quantitative. 

Properties and Reactions of the Sulfonhaloamides. Because of their 
ease of preparation and stability, and their oxidizing and halogenating 
action * the sulfonchloroamides have proved to be both useful and 
interesting chemically. Several of them have been or are commercial 
products sold under various trade names. Of these sodium p-toluene- 
sulfonchloroamide (Chloramine T, Chloramine, Activine, Chlora- 
zene, Gansil, Mianine, Tochlorine, Tolamine, etc.) is the most promi- 
nent, chiefly because p-toluenesulfonamide is a by-product in the man- 
ufacture of saccharin and hence readily available. The dichloro deriv- 
atives of p-toluenesulfonamide (Dichloramine T) and p-carboxyben- 
zenesulfonamide (Halazone), and sodium o-toluenesulfonchloroamide 
(Chloramine TO) also are obtainable from this source. Sodium ben- 
zenesulfonchloroamide (Chloramine B) has been much less studied. 


604 DERIVATIVES OF SULFONIC ACIDS. 2 


Replacement of the amide hydrogens of p-toluenesulfonamide and 
its N-methyl] derivative with chlorine eliminates the association in so- 
lution characteristic of the amides.'7# 

Many observations upon the stability of the haloamides have been 
reported.17®> An aqueous solution of Chloramine T is stable in the 
dark ** or diffused light but in sunlight +** the solution becomes acidic 
due to the formation of chlorosulfonie acids. A number of dyes act 
as desensitizers 1° for the reaction in methanol solution. Halazone 
stored in the dry state for one year showed little deterioration 17% °° 
at ordinary temperatures but at 40-50° the efficiency of tablets con- 
taining this decreased 50% in three months.2*_ Dichloramine T when 
in pure crystalline form is stable for eight months or more” in the 
absence of moisture and light. There is disagreement *? as to its sta- 
bility in Chlorcosane, a chlorinated paraffin oil, perhaps because of 
variability of different samples of paraffin utilized. A chlorobenzene 
solution keeps well ?** as does a 5% solution in chloropheny! phenyl 
ether.?#> 

Compounds of the sulfondihaloamide type melt without decomposi- 
tion although when heated with a direct flame they explode. The 
tetrachloro compound derived from m-benzenedisulfonamide detonates 
under this treatment in a manner reminiscent of nitrogen trichloride,?° 
while sulfonalkylchloroamides decompose rapidly but not explosively. 
The bright yellow dibromoamides decompose slowly at ordinary tem- 
peratures with evolution of bromine.*** In sulfuric acid at 20° ben- 
zenesulfondibromoamide ** rapidly changes to a dibromobenzenesul- 
fonamide. Ring closure occurs when p-toluenesulfon-n-butylchloro- 
amide is heated in aqueous sulfuric acid solution with formation of 
the pyrollidine sulfonamide in a 50% yield.*#¢ 

p-Toluenesulfondichloroamide hydrolyzes in water to hypochlorous 
acid and the monochloroamide.2> The equilibrium constant for this 
reaction is 8.0 & 10-7 and that for the hydrolysis of the monochloro- 


p-C7H7SO2NCle + H20 = p-C7H;SO2.NHCI + HClO 


amide is 4.9 x 10-8. The hypochlorous acid content of an acid solu- 
tion of the dichloramide is practically independent of the amount of 
the amide present. The rate of formation of hypochlorous acid from 
the monochloroamide as measured by the rate at which reaction with 
p-cresol occurs amounts to a 50% hydrolysis in 7 minutes at 25°. 
This is in contrast to N-chloroacetanilide which requires seven days 
for an equal change to occur. Since p-toluenesulfonamide reacts with 
N-chloroacetanilide directly to give p-toluenesulfonchloroamide, p-tol- 
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uenesulfonamide is a good catalyst for the hydrolysis of N-chloro- 
acetanilide. 

When a sulfondichloroamide is treated with alkali it dissolves and 
there crystallizes from the solution the salt of the monochloro com- 
pound.” In the presence of a mole of unsubstituted amide two moles 
of the alkali salt are produced. 


p-C7H7SO2NCle + 2KOH — p-C7H7SO2NCIK + KOCI + H20 
p-C7H7SO2NCle + p-C7II7SO2NI2 + 2KOH —> 
2p-C7H7SO2NCIK + 21.0 


If a solution of the salt is acidified the original dichloroamide is re- 
generated. 


2p-C7H7SO2NCIK + 2CH3COOH — 
p-C7H7SO2NCle + C7H7SO2NHe + 2CH3COOK 


The dichloroamides react readily with the common reducing agents. 
With hydrochlorie acid free chlorine is generated and with hydrogen 
iodide the product is iodine or iodine chloride depending upon the 
ratio of the reactants.!° 


CoH sSOoNCle + 2HI — CeHsSO2NHe + 2ICI 


Sulfur is liberated from hydrogen sulfide and with hydrogen cyanide 
cyanogen chloride is formed. With ethanol ethyl hypochlorite is the 
primary product but this readily decomposes. 


CgHsSO2NCle + 2C2H50H — CyHsSO2NHe2 + 2C2H50Cl 
CeHs0Cl — CHsCHO + HCl 


The dibromoamides show a similar behavior. 

Dichloramine T oxidizes hydrazobenzene to azobenzene in chloro- 
form solution.27¢ When an attempt was made to use Dichloramine T 
as a “nitridizing agent” in liquid ammonia it was found that reaction 
with ammonia occurred at once. 


3C7H7SOeNCle + IONH3 — 8C7H7SO2NHe + 2Ne + 6NHa4Cl 


When acetanilide and Dichloramine T are kept in chloroform at 20° 
for 5 hours a 95% yield of chlorinated acetanilides results of which 
68% is the p-chloroacetanilide.??> Similar results were obtained in 
other solvents. 

Since an aqueous solution of Chloramine T oxidizes a variety of 
inorganic and organic reducing agents this has been recommended for 
use in numerous analytical procedures. A 5% solution may be em- 
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ployed as a substitute for chlorine water ** in detecting bromide and 
iodide ion, as a substitute for bleaching powder in the indophenol re- 
action, to replace hydrogen peroxide in the caffeine test and as the 
oxidizing agent in the indican test in urine. In quantitative analysis 
it is satisfactory for determining potentiometrically *® trivalent bis- 
muth and arsenic, bivalent tin and iron, ferrocyanide, sulfite, nitrite, 
and iodide ions, hydroquinone, quinhydrone, and hydrazine hydro- 
chloride. A solution may be standardized against arsenic trioxide and 
does not change appreciably in three months. The titrations are car- 
ried out in acid solution. Thiocyanate ion ® is oxidized quantitatively 
to cyanate and sulfate; hypophosphite to phosphite (24 hours’ stand- 
ing); and nitrous acid to nitric acid.**_ Of particular valuc is its sub- 
stitution for iodine solutions in determining sulfite ** in control tests 
in sulfite paper mills. The strength of sodium hydrosulfite solutions 
may also be determined.®** In fact, since iodide ion is readily oxidized 
to free iodine by the Chloramine T in acid solution the latter can be 
employed in any iodine titration by first adding a little potassium 
iodide and starch to the solution.?# ®% #3? 

The kinetics of the reaction between hydrogen pcroxide and an acid 
solution of Chloramine T have been investigated ** and found to be 
more complex than the stoichiometric reaction would indicate. The 
results obtained are best explained by the sequence of changes shown, 
the solution containing chlorine and hypochlorous acid in cquilibrium 
amounts. The reaction between chlorine and hydrogen peroxide has 


p-C7HSO2NC1~ + H+ — p-C7HiSO2NHClI 
p-C7H;SO2NHCl + H20 = p-C7H;SO2NHe + HOC! 
p-C7H7SO2NHCl] + H+ + Cl- = p-C7H7SO2NH2 + Cle 
H202 + Cle —- 2H+ + 2Cl- + O2 


been investigated in some detail.*5 

A solution of Chloramine T or the corresponding bromine or iodine 
compound when added to a solution containing phenol and potassium 
iodide precipitates triiodophenol quantitatively.* ** The reaction is not 
so satisfactory with 1- and 2-naphthol or resorcinol although under 
well-defined conditions a 47% yield of triiodoresorcinol has been ob- 
tained. o-Nitrophenol may be mono- or diiodinated depending upon 
the amount of reagent used. Amines are readily iodinated in glacial 
acetic acid,’? aniline going to triiodoaniline. A number of polyhy- 
droxyphenols which cannot be titrated give characteristic color re- 
actions ** with either Chloramine T or Halazone. 
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It has been claimed that a Chloramine T or Halazone solution may 
be employed in determining Hiibl iodine numbers of fats and oils.®® 
Likewise it has been mentioned that the detection of acetone or ethyl 
alcohol by conversion to iodoform is possible in solutions containing 
one part in ten thousand of either of these substances if Chloramine T 
is added to the solution along with iodine.?*.8* Further information 
upon the advantages, if any, of these procedures seems desirable. 

In acid solution sulfonchloroamides oxidize a methyl attached to 
the benzene ring to the aldehyde group, occasionally in good yields. 
Dakin *° observed that when Chloramine T was heated with 5% glu- 
cose solution on the steam bath p-sulfamidobenzaldehyde could be 
extracted from the reaction mixture, the glucose being little affected. 
The aldehyde also is formed when an acidified Chloramine T solution 
is heated.*: Similar treatment of the ortho isomer may give the alde- 
hyde as an intermediate product but this undergoes ring closure and 
condensativn reactions. 


CHs AcOH +H30 
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Phenylhydrazine converts the condensation product into what may be 
considered to be the phenylhydrazone of the cyclic form of the alde- 
hyde, a derivative of dihydrobenzisothiazole. 
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To investigate the oxidizing action of a sulfonchloroamide upon 
other compounds containing a methyl group sodium benzenechloro- 
amide and Halazone were chosen.4? With toluene, m- and p-xylene, 
and o-nitrotoluene low yields (5-27%) of the aldehydes resulted when 
the oxidation was effected in dilute acetic acid solution with sodium 
benzenesulfonchloroamide. 2-Nitrotoluene-4-sulfonamide was more 
readily oxidized, 33 g. of aldchyde resulting from the oxidation of 
45 g. of the sulfonamide with 28 g. of the benzenesulfonchloroamide 
by refluxing in 900 ml. of water and 6 ml. of acetic acid for 32 hours. 
4-Nitrotoluene-2-sulfonamide gave the cyclic form of the aldehyde in 
smaller amount. Halazone in alkaline solution gave results much like 
these. Some 15 to 25% of the corresponding aldchyde was obtained 
from o- and p-toluenesulfonamide, the 2,4-disulfonamide, and the two 
nitrotoluenesulfonamides mentioned previously. 

The decomposition of a-amino acids brought about by heating with 
Chloramine T is interesting because of the relation this may have 
to this compound’s germicidal action.2*4° p-Toluenesulfonamide is 
precipitated and the acid is converted to an aldehyde with one less 
carbon. Tryptophane is an exception giving a violet-colored sub- 
stance of unknown nature, and asparagine undergoes further oxida- 
tion to the ketoaldehyde, isolated as the osazone. Glutamic acid, 
however, behaves normally giving B-aldehydopropionic acid in 0.1 N 


HezNOCCH2zCHNH2COOH — HeNCOCOCHO 


sodium hydroxide at 20°. In 0.2N alkali at 35° 8-cyanopropionic 
acid is obtained. No satisfactory reaction mechanism seems to 
have been developed to explain the products obtained in these trans- 
formations. 

A reaction first reported by Nicolet and Willard‘? has been the 
basis of several investigations. When ethyl sulfide is heated with 
Chloramine T in alcohol, sodium chloride is precipitated and a new 
sulfur-nitrogen bond established. Hydrolysis of the product yields 
ethyl] sulfoxide and p-toluenesulfonamide. This is a general reaction 


C7H7SO2NCINa + (C2Hs)S — C7H7SO2NS(C2Hs)2 + NaCl 
of sulfides; 44 the products from unsymmetrical sulfides, like the sulfox- 
ides, exist in optically active forms and hence the sulfur-nitrogen bond 
is of the semi-polar type. 
Bis- (8-chloroethyl) disulfide has been found to undergo cleavage 
at the sulfur-sulfur bond 45 to give a nitrogen analog of a sulfinic acid 
as one product. Tertiary amines do not react with sulfonchloroam- 


(CICH2CH28)2+2C7H7SO2NCINa —» CICH2CH28(NSO2C7H7)2Na+? 
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ides but other trisubstituted hydrides of the elements of this periodic 
group do. Triethyl-, triphenyl-, and the tritolylphosphines ?* in an- 
hydrous alcohol give the simple coupling product but in 95% alcohol 
one or more other compounds are formed. The product obtained from 


R3P + C7H7SOeNCINa >. R3PNSO2CyII7 + NaCl 


triphenylphosphine also results when triphenylphosphine oxide and 
p-toluenesulfonamide are heated together in benzene solution. The 
trisubstituted arsincs apparently do not yield the simple coupling 


2(Cells)3P + 2C7H7S8O2NCINa + C7H7802NH2 > 
[(Ce6Hs)3PNHSO2C7H 7J2NSO2C7H7 + 2NaCl 
(m-C7H7)3P + p-C7H7SO2NCINa + H20 —- 
(m-C7H7)3P(OH)NHSO2C7H7-p + NaCl 


product, RgAsNSO.C;Hz, but are converted into substances analogous 
to those obtained with phosphines in the presence of water, or at least 
only such compounds could be isolated.‘7 Diary] tellurides resemble 
arsines rather than sulfides. Arsinic acids may be obtained by the 
action of Chloramine T on chloroarsines.** 

The reaction of Chloramine T or the dichloroamide with phenyl- 
magnesium bromide is similar to that of nitrogen trichloride ¢® in that 
chlorobenzene is formed in both reactions. Methoxyethylmercuric 
chloride with Chloramine T gives an N-Hg compound which is 
claimed *° to have valuable germicidal properties. Presumably the 
reaction proceeds as follows. 


CH30C2HaHgCl + C7H7SO2NCINa — 
C7H7SO2N (HgC2H40CHs)Cl + NaCl 


The behavior of the N-halosulfonamides toward olefins is appar- 
ently unique among haloamine derivatives.*1*> Benzenesulfonmethyl- 
bromoamide °7 reacts with propenylbenzene to give the two stereoiso- 
mers having the bromine adjacent to the ring. One of these was also 
prepared by the action of phosphorus pentabromide upon the benzene- 


CeHsCH==CHCH3 + CesHsSO2NBrCH3 — 

CeHsCHBrCH (NCH3S02C6H5)CHs3 
sulfonamide of dl ephedrine. With Chloramine T propenylbenzene 
gave only a 15% yield of the expected addition product. The reac- 


tion of cinnamy] alcohol with the bromoamide proceeded through a 
disproportionation. 
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2CsaHsCH=CHCH20H + 2CesHsSO2zNBrCH3 — 
CeHsCHBrCHBrCH20OH + 
CeHsSO2N (CHz)CH (CeHs) CH (CH20H)N (CH3)SO2CeHs 


Allyl bromide appeared to give similar products although identifica- 
tion was incomplete. 

Styrene °! reacts with benzenesulfonmethylbromoamide in the same 
manner as does propenylbenzene. The structure of the product was 
determined by removal of hydrogen bromide, reduction, and hydrol- 
ysis to give B-phenethylmethylamine and also by reduction with so- 
dium and amy] alcohol. 


CsHsCHBrCH2N(CH3)S02C6Hs > 


ROH 


CeHsCH2CH2NHCH3 + CeHsSO2Na + NaBr 


Kharasch and Priestley °*> demonstrated that the addition was gen- 
eral for alkylbromosulfonamides since N-bromo-p-toluenesulfonyl and 
o-toluenesulfonyl derivatives of benzyl and phenethylamine gave the 
same reaction as the bromomethylamide. Further, they were able to 
substitute propylene, 2-methylpropene, and vinyl chloride for the 
styrene or propenylbenzene and still have reaction occur. 

The reaction of p-toluenesulfondibromoamide 5 with styrene is 
particularly interesting because the positions taken by the bromine 
and nitrogen are reversed when compared with the product from the 
methylbromoamide. 


2CeH sCH=CH2 + CsHsSO2NBre — 
CeHsCH (NHSO2C.sH5)CH2Br + CeHsC2H2Br 


The action of alkali on the addition compound gave N-p-toluenesul- 
fonylstyrene imine. Various reagents cleaved this to give &-phen- 
ethylamine derivatives, proving its structure. The benzyl carbon- 
nitrogen bond is always the point of attack in these reactions. 

Indene 5° reacts with p-toluenesulfondibromoamide in the same 
manner as does styrene and the addition product undergoes similar 
transformations. 

The reaction of a dihaloamide with an olefin in a solvent such as 
a phenol, alcohol, or fatty acid produces a mixture of products appar- 
ently because of partial solvolysis of the amide. For example, the 
addition of benzenesulfondichloroamide to a mixture of phenol and 
2-butene at --15° gives besides some chlorophenols about a 50% yield 
of 2-chloro-3-phenoxybutane and two stereoisomeric benzenesulfon- 
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chlorobutylamides.** These lose hydrogen chloride to give the cis and 
trans derivatives of the butylene imine. Similar experiments using 


CeH s8O2NCle mle 
CHsCHCICH (NHSOeC.Hs)CH3 — CH3CHCHCH3 
VY 
NSO2CeHs 


1-butene give, besides a phenoxychlorobutane, a chlorobutylamide and 
the imine derivative as before, whereas isobutylene reacts mostly by 
substitution giving methallyl chloride and higher boiling products. 

A solution of one of the butylenes in five to ten moles of a primary 
alcohol when treated with benzenesulfondichloroamide °* gives as high 
as a 95% yield of the @-chlorobutyl alkyl ether. With less of the 
alcohol the formation of the 8-chlorobutylsulfonamides becomes im- 
portant. The percentage of butylene chloride formed is small, par- 
ticularly at low temperatures (—20°). 

Ethylene chlorohydrin and ethylene glycol give results analogous 
to those obtained with the simple alcohols.5* 

The addition of benzenesulfondibromoamide to an alcohol solution 
of 1,3-butadiene 5*® produces a 3-alkoxy-4-bromo-1-butene in 50-70% 
yields. 

If a dichloroamide is added to a mixture of a fatty acid and an 
olefin in ether the reactions that occur are analogous to those taking 
place between alcohols, olefins, and the amide,®° chloro esters being 
formed. 


CeHsSO2NClz + RCOOH = CeHsSO2NHCl + RCOOCI 
RCOOCI! + R’CH=CHR” -— R’CHCICH (OOCR)R” 


The yields of esters are somewhat lower (27-40%) than of the ethers. 
Better results were reported when benzenesulfondibromoamide was 
used. 

Germicidal and Physiological Properties of Sulfonhaloamides. In 
1916 Dakin and co-workers? reported on a comprehensive investiga- 
tion of the bactericidal properties of thirty-nine sulfonchloroamides, 
three bromoamides, and some chlorinated proteins in water and in 
horse serum. Some of the sodium sulfonchloroamides were found to 
have greater effectiveness on a molar basis than does sodium hypo- 
chlorite. The presence of a halogen, a nitro group or an alkyl group 
in the aromatic nucleus reduces the effectiveness slightly. The sulfon- 
bromoamides are slightly inferior to the chloro compounds. Consid- 
ering both effectiveness and cheapness sodium p-toluenesulfonchloro- 
amide was chosen as most suitable for practical use,°**? particularly 
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in the treatment of wounds. A paste of sodium stearate containing 
not over 1.5% of the Chloramine T was found to be highly satisfac- 
tory for keeping wounds sterile.“ The chief advantages in the use of 
Chloramine T over sodium hypochlorite solution are its lack of irri- 
tant action ®’ and the stability of its aqueous solutions which has al- 
ready been remarked upon. Subsequently the value of the sulfon- 
chloroamides as general disinfectants received much attention. Chlo- 
ramine T 5 and particularly Halazone (p-dichlorosulfonamidobenzoic 
acid) °° were found useful in sterilizing small amounts of drinking 
water. The taste of the water is not affected and the sulfonamide 
liberated is non-toxic when taken orally.*** Since on the basis of 
available chlorine ordinary chlorinated lime is twice as effective and 
cheapcr than Halazone, the latter’s stability in tablet form is its chief 
advantage. 

Chloramine T exhibits a selective action toward various micro6r- 
ganisms. It is effective toward Staph. aureus and B. coli ** in 2% and 
0.5% solutions respectively but much less so against B. pyocyaneus. 
From 12 to 64 hours’ exposure to a 1% solution was found necessary 
to kill anerobic spore-formers,® the activity here being actually less 
than that of phenol. In the presence of blood serum the effectiveness 
of Chloramine T drops to about 10% of the value in aqueous solu- 
tions.*t The germicidal value depends greatly upon the pH of the 
solution and upon the temperature.*? For a comparison or review of 
various commercial chlorinated bactericides ** and for other miscel- 
laneous applications of Chloramine T as a disinfectant * the volumi- 
nous original literature should be consulted. 

Although it shows little toxicity when taken orally in moderate 
amounts, Chloramine T is highly toxic when injected intravenously,® 
depressing the central nervous system and producing pulmonary 
edema. When an attempt was made to treat pneumonia in dogs with 
a 1 to 10,000 solution they became worse and in well dogs a “sterile 
pneumonia” was produced." 

At about the same time that Dakin and co-workers investigated the 
usefulness of Chloramine T in aqueous solution in the treatment of 
wounds they also found that p-toluenesulfondichloroamide, Dichlora- 
mine T, in eucalyptol or Chlorcosane, a chlorinated paraffin oil,®’ pos- 
sessed advantages over the aqueous hypochlorite solution then in use. 
The germicidal effect persisted for 18 to 24 hours and the solution dis- 
solved dead tissue but was not destructive to live tissue as is iodine. 
Chlorcosane dissolved enough of the dichloroamide to produce an 8.5 
to 10% solution which was comparatively stable. Aside from several 
discussions of the value of Dichloramine T solutions in wound treat- 
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ment ** only a few reports on its pharmaceutical properties have been 
found.” 

Industrial Uses of Sulfonchloroamides. Aside from its use in the 
sterilizing of filters 7° and dairy equipment *! and as a preservative 7? 
which depend upon its germicidal action, Chloramine T has been sug- 
gested for a number of industrial applications, particularly in connec- 
tion with the processing of textiles. It is classed as a mild bleaching 
agent *® especially suitable for rayon “4 and in the steeping process of 
bleaching crude cellulose.**> It has also beer aevocated as a bleach- 
ing agent for dextrin used in the preparation of adhesives.7* Aside 
from its bleaching action the most interesting property of Chlora- 
mine T from the standpoint of textiles iy its solubilizing action upon 
starch 7? which is rendered useful for sizing. Chloramine T solutions 
have also been used in the desizing of cloth.7? In the presence of 
copper or of copper and of iron salts the strength of linen is appre- 
ciably decreased.”” Sodium benzenesulfonchloroamide, Chloramine B, 
has been recommended * as a substitute for the toluene derivative but 
has not come into general use. 

Analysis and Detection of Sulfonchloroamides. Since Chloramine T 
has been introduced into a variety of products for one reason or an- 
other its detection and quantitative determination are of some impor- 
tance. The “active chlorine” in a commercial product may be deter- 
mined by titrating with sodium arsenite using starch-potassium iodide 
paper or by adding potassium iodide and titration of the liberated 
iodine with thiosulfate.*t The oxidation of a sulfonated indigo in acid 
solution has also been studied.?? To differentiate quantitatively be- 
tween the Chloramine T and sodium hypochlorite in a solution the 
hypochlorite is first decomposed by hydrogen peroxide with which the 
Chloramine T reacts only slowly.*® Qualitative distinctions between 
the sulfonchloramide and hypochlorites are numerous.** For exam- 
ple, manganese chloride turns brown with hypochlorite and not with 
Chloramine T; resorcinol gives a purple-red color with hypochlorite 
while a yellow to green color is produced by Chloramine T. 

Special procedures for detecting Chloramine T in milk and cream ® 
and in bread ®* have been described. 


MisceLtuangeous N-Susstirurep SULFONAMIDES 


Several classes of compounds are known in which a hydrogen of the 
sulfonamide group has been replaced by a substituent other than halo- 
gen, alkyl, or aryl. These include derivatives of hydroxylamine and 
hydrazine. 
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Derivatives of Hydroxylamine. The reaction of hyaroxylamine 
with a sulfonyl chloride in alcohol solution gives the N-hydroxyam- 
ide ®* which is also commonly referred to as a sulfonhydroxamic acid. 
Compounds of this type containing an amino ®” or acylamino ** group 
in the para position have recently been found to exhibit therapeutic 
activity of the sulfanilamide type. 

The sulfonhydroxamic acids undergo a number of interesting reac- 
tions. Oxidation with ferric chloride, iodine, and other reagents 874 
gives nitrous acid and the disubstituted hydroxylamine. Fuming nitric 
acid yields the trisulfonylamine oxide. 


2CsH;SO2NHOH + 2¥FeCls + H2O0 _ 
(CeHsSO2)2NOH + HNO2 + 2FeCle + 2HCl 
Hydrolysis with alkali rather surprisingly yields the sulfinate.8’» ¢/% 


2CeHsSO2NHOH + 4NaOH — 2CeHsSO2Na + NazN2O02 + 4H20 


Hydrolysis with dilute acid on the other hand produces the sulfonic 
acid and hydroxylamine. However, aqueous potassium carbonate has 
been reported 8” to give the disulfone, (ArSOz2) 2. 

The reaction of sulfanilhydroxamide with benzoyl chloride in so- 
dium bicarbonate solution or in pyridine gives the N*-benzoylsulfanil- 
amide.*** It is not clear what was oxidized when the hydroxylamine 
residue was reduced. On the other hand, benzenesulfonhydroxamide 
reacts with acetic anhydride to give the N,O-diacetyl derivative.*"* 

In the presence of alkali, aldehydes react to give the sulfinate and 
the hydroxamic acid corresponding to the aldehyde.®° 


CeHsSOzNHOH + RCHO + NaOH — 
CeHsSO2Na + RC(NOH)OH + H20 


Ketones undergo cleavage of a carbon-carbon bond and one of the 
products is again a hydroxamic acid.” 

The reaction of O-benzylhydroxylamine with a sulfonyl halide gives 
the N-benzyloxy-amide *? which is stable toward alkali. It forms a 
nitroso compound that reacts with alkali with liberation of nitrogen. 
When an aqueous solution of sodium nitrite and a sulfinic acid salt is 
treated with acid the disulfonylhydroxylamine is formed.*» * 


2CeHsSO2Na + NaNOze + 3HCl — (CeHsSO2)2NOH + 3NaCl + N20 


The dibenzenesulfony] derivative has also been obtained from ben- 
zenesulfonamide by treatment with sodium nitrite and sulfuric acid. 
A disulfonyl compound reacts with alkali to yield the sodium sul- 
finate and sodium nitrite,*** while with acid the products are the sul- 
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fonic acid and hydroxylamine.**° Treatment with nitrous oxides,°* 
nitrous acid,*?® a sulfonyl chloride, or a sulfinic acid 7 forms the tri- 
sulfonylamine oxide. However, with benzoyl chloride the benzoate 
results normally. 

The trisulfonylamine oxides mentioned above have also been ob- 
tained from the sulfinic acids and fuming nitric acid or nitrogen tetrox- 
ide.** With alkali the substituted amine oxide gives the salts of 
sulfinic and nitric acids 7° whereas with acid the sulfonic acid and 
hydroxylamine result. 

Derivatives of Hydrazine. The formation of sulfonhydrazides and 
their decomposition reaction to sulfinic acids have been described in 
the section on reactions of sulfonyl chlorides (p. 502). Several other 
characteristic reactions are known. Benzenesulfonhydrazide ** re- 
duces alcoholic silver nitrate and Fehling’s solution. Iodine in alcohol 
gives phenyl disulfide as one product. Benzenesulfonazide is formed 
as a yellow oil when the hydrazide is treated with sodium nitrite and 
acetic acid. 


CsHsSO2NHNH2 + HNOzg — CesHsSO2N3 + 2H20 


Decomposition of the hydrazide by refluxing with water or alcohol 
gives hydrazine and the sulfonic acid while hydrolysis of the azide by 
acid or alkali very slowly yields the sulfonic acid and hydrazoic acid. 
Reduction of the azide with zinc and acetic acid gives rise to ben- 
zenesulfonamide. 

The sulfonhydrazides react with aldehydes and ketones just as do 
other hydrazine derivatives except that the reaction seems to be 
slower. The sulfonhydrazones are generally solids of possible use in 

‘identification of carbonyl] compounds. 

The reaction of an acyl halide leads to substitution on the second 

nitrogen. 


CeHsCOCl + CesHsSO2NHNH2 — CeHsCONHNHSO2CeHs + HCl 


Compounds of this type have been found to decompose in ethylene 
glycol at 160° in the presence of sodium carbonate to give the alde- 
hyde.®?_ The decomposition does not give the aldehyde, however, when 
the acyl group is derived from p-nitrobenzoic, cinnamic, diphenylace- 
tic, or an ordinary aliphatic acid. The synthesis is useful for pyrimi- 
dine ** and thiazole ®® aldehydes and has also been applied to the 
synthesis of thyronine.?° 

Nitroso and Nitrosulfonamides. The sulfonamides of aliphatic pri- 
mary amines?” and of a-amino acids?” react with nitrous oxides or 
nitrous acid to give N-nitroso derivatives. Benzenesulfonmethylni- 
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trosoamide acts as a methylating agent toward phenols and converts 
morphine to codeine.*% 

The action of nitric acid on benzenesulfonamide *°* or a benzenesul- 
fonalkylamide?* gives the corresponding N-nitro compound. The 
alkylnitroamides have also been prepared by the reaction of an alkyl 
iodide with the silver salt of a nitrosulfonamide.**? Upon heating, 


CeHsSO2N(NO2)Ag + CH3I — CeHsSO2N(NO2)CH3 + Agl 


benzenesulfonnitroamide decomposes to give the sulfonic acid and 
nitrous oxide.2°* Reduction with stannous chloride results in recovery 
of the sulfonamide but hydrogen iodide yields the disulfide, and zinc 
in acetic acid produces a complex mixture which includes the sulfinic 
acid, ammonia, the sulfonhydrazide, and the disulfonhydroxamide.?® 


SACCHARIN AND RELATED COMPOUNDS 


The discovery by Remsen and Fahlberg? that the benzoic sulfinide 
(benzoic sulfimide, 2,3-dihydro-3-oxobenzisosulfonazole) obtained by 
them through the oxidation of o-toluenesulfonamide has an intensely 
sweet taste led to the comprchensive investigation of the manufacture, 
the derivatives, the detection in many types of consumers’ goods, and 
the physiological action of this interesting compound. In addition nu- 
merous articles and even a book have been written on the utilization 
of the by-products (chiefly p-toluenesulfony] chloride) obtained in its 
manufacture. Because the sweetening effect of saccharin, which is 
some five hundred times that of sucrose, makes possible its substitu- 
tion for sugar in a variety of products, laws controlling its sale and 
use have been passed in every civilized country. Although the legal 
status of saccharin cannot be dealt with here in adequate fashion 
other aspects of its production and use will be covered in some detail. 

Methods of Preparation. The most important methods for prepar- 
ing saccharin depend upon o-toluenesulfonamide as the starting ma- 
terial. Since the sulfonation of toluene (see p. 202) at best gives not 
more than 60% of the o-sulfonic acid or sulfony] chloride it is neces- 
sary to separate this from the para isomer or to separate the mixture 
of sulfonamides. As McKie has shown,? in the usual procedures par- 
tial separation occurs at each stage, the final product containing 90— 
93% ortho and the remainder para sulfonamide. Further separation 
may be brought about by extraction of the amide mixture with aqueous 
sodium carbonate, by solution in alkali and partial (70%) precipita- 
tion by acetic acid, or by recrystallizing from 50% alcohol. The acetic 
acid precipitation gives a 99.5% pure ortho amide but the loss is about 
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30%. The sodium carbonate extraction gives the best results, every- 
thing considered. A method that does not depend upon solubility 
consists in the oxidation of the mixture with a small amount of po- 
tassium permanganate.*? This oxidizes the para amide completely; 
90-94% of the ortho isomer is recovered together with from 5 to 9% 
of pure saccharin. In a thorough review of the saccharin industry 
Terlinck * describes a process for separating completely the ortho and 
para toluenesulfonic acids by precipitating the former as the barium 
salt, eliminating the necessity of separations in later steps. 

Remsen was led to investigate the oxidation of o-toluenesulfonamide 
because preliminary experiments using chromic acid mixtures‘ had 
shown the ortho compound was practically unaffected when a mixture 
of the two isomers was oxidized. In the first permanganate oxidation * 
5 g. of o-benzoic sulfinide and 4 g. of potassium o-sulfobenzoate > were 
obtained from 10 g. of ortho amide. The initial presence of one molec- 
ular equivalent of potassium or sodium hydroxide *® increases the 
yield of saccharin 10-15% and the permanganate needed is dimin- 
ished. The temperature is best kept below 60° to prevent hydrolysis 
of the product. 

Although the oxidation of o-toluenesulfonamide with chromic acid 
is slow in dilute acid,‘ in strong sulfuric acid’? (over 50%), particu- 
larly in the presence of iron, chromium, or manganese salts,® the reac- 
tion proceeds satisfactorily. Best results are obtained at 50-60° with 
70% sulfuric acid, the yield of saccharin approximating 90% of the 
theoretical amount. In an attempt to determine the mechanism of 
the chromic acid oxidation it has been carried out in acetic anhydride 
solution® at from —5 to 30°. In addition to acetylsaccharin and 
N-acetyl-o-toluenesulfonamide a diacetate believed to have one of 
the accompanying formulas was isolated. 


O HO 
ee pees 
O2z2NHCCH3 /NCOCHs 
S 
Oz 


Another compound of unknown structure was also present in the 
mixture. 

The electrolytic oxidation of o-toluenesulfonamide is of practical 
value? if the reaction is carried out in alkaline solution. In acid 
solution the yield is very poor while in 2 N sodium carbonate * at 60° 
it reaches 75% of the theoretical amount. The yield is much less in 
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an ammonium sulfate-ammonium hydroxide mixture. Electrolytic 
oxidation using potassium permanganate as the oxygen carrier has 
been patented.12, A number of reviews of the manufacturing processes 
for saccharin have appeared in the literature.” 

The observation by Noyes 74% that oxidation of o-toluenesulfonamide 
with potassium ferricyanide in strongly alkaline solution gives not 
saccharin but o-sulfonamidobenzoic acid should be mentioned. Until 
this experiment the independent existence of this acid was doubted, 
and, since the salts of saccharin were hydrated they were believed to 
be salts of the acid rather than the compound with the ring structure. 
Noyes found the salts of the acid to be quite distinct from those of 
saccharin, 

Saccharin has been obtained, at least in the laboratory, by a num- 
ber of methods not directly involving o-toluenesulfonamide. In gen- 
eral, any compound having carbon, nitrogen, and sulfur atoms located 
in adjacent positions in the benzene ring can be converted to saccharin 
provided the sulfur and carbon are attached to the ring. o-Sulfon- 
amidobenzoic acid is readily dehydrated by brief heating ** at 155°, 
or better,?® at 114-116° for a long time; by the action of phosphorus 
oxychloride,?* and by the action of oleum**? below 40°. Esters of 
this acid, either by heating in water or alkali,!” give saccharin rather 
than the acid. 


COOC2Hs CoO 
= | ++ CeHs0H 


OzNH2 /NH 


iS] 
Oz 


o-Cyanobenzenesulfonamide ?* likewise yields the cyclic compound 
when refluxed with dilute sodium hydroxide. Bis-(o-carbamylpheny]) 
disulfide ?® is oxidized by permanganate to saccharin. Saccharin also 
results from the action of ammonia upon the stable dichloride derived 
from o-sulfobenzoic acid 2° or upon phenyl o-chlorosulfonylbenzoate,?? 
and from the action of ammonia and chlorine upon methyl o-sulfino- 


CO 
+ 2NH3 > | + CeHsOH + NHACl 
O2Cl a 


S 
Oz 


benzoate 224 in alcohol. 
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COOCH3 co 
+ 3NH3 + Cle - | -+ 2NH,Cl + CH30H 
SO2H NH 
ae 


O2 
Saccharin is a minor product when Chloramine TO, sodium o-toluene- 
sulfonchloroamide, is heated with 2.5% acetic acid 2? at 100°. 
When the chlorination product of o-thiolbenzoic acid is allowed to 
react with an amide and the product oxidized, a saccharin derivative, 
and in one case saccharin itself, is produced.?”¢ 


COOH 4, CxH,SO.NH; 
——» } ——> 
SH 


co H co 


| | 
/N802CoHs /N802CoHs 
5 5 
O Oz 
Finally, the conversion of several cyclic compounds into saccharin 
may be mentioned. The action of phosphorus pentachloride upon 
o-sulfobenzaldehyde 7* gives a chloride which yields an amine that 
oxidizes to saccharin in the air. 


Cl 
CHO po, Coy xm 
— | — 
O3Na > 


8 
Oz 
NH 
OC® | a ee 
Ss 5 
Oz Oz 


The chloride obtained from saccharin by treatment with phosphorus 
pentachloride or by the action of chlorine in water * is readily recon- 
verted to saccharin, as is the corresponding ether.”#? 


CCl sc ee) COC2Hs 
an xu x 

4 / 4 

S 8 

Oz Oz 


S 
Oz 
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By-Products of Saccharin Manufacture. Depending upon the par- 
ticular process employed, there are obtained as by-products in sac- 
charin manufacture p-toluenesulfonie acid, the sulfonyl chloride, and 
the amide. In addition a number of other substances have been iso- 
lated which are produced in lesser amounts. These include toluene- 
2,4-disulfonamide which on oxidation gives 6-sulfonamidosaccharin,?™: 
and a very bitter compound formed in small amount which has been 


CH3 CO 


ae: | 
H2NOaS_SO2NH2 — H2NO2S /NH 


S 
O2 


shown 7° by synthesis from pseudo-saccharin chloride and o-toluene- 
sulfonamide to have the accompanying formula. 


oxid 


O2 Oz. 


Utilization of these by-products has been discussed at great length 
by Herzog.? The chemistry involved in these applications is for the 
most part considered in other sections. Aside from the hydrolysis of 
p-toluenesulfonic acid or the acid chloride to toluene the by-products 
have been used directly or indirectly * in preparing alkyl p-toluene- 
sulfonates (alkylating agents), Dichloramine and Chloramine T, in 
condensing phenols with aldehydes, in the tanning industry, in the 
preparation of photographic developers, and in the control of insects 
and weeds, if one is to take the patent literature as a criterion. 
p-Toluenesulfonamide has been used as a camphor substitute, and 
by condensing with formaldehyde, in the synthesis of resinous ma- 
terials (see p. 585). 

Physical and Physiological Properties of Saccharin. Saccharin 
is an acid of moderate strength with the dissociation constant 
9.86 < 10° at 100 1. dilution and 4.53 & 10° at 800 1.2? It there- 
fore decomposes carbonates readily and the pills of saccharin and bi- 
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carbonate in which it occurs commercially gradually lose carbon diox- 
ide. Although it ordinarily acts as a monobasic acid, yet when 
shaken in ether solution with solid sodium or potassium hydroxide 2% 
two or three moles of the alkali react. Di- and tri-mercurated com- 
pounds have also been made.**? 

Saccharin dissolves in thirty times its weight of water at 100° and 
in three hundred twenty-five parts at room temperature.2° The crys- 
tals are triboluminescent.** 

Since Remsen and Fahlberg? first reported that their benzoic sul- 
finide had a remarkably sweet taste this property has been the subject 
of many investigations. The flavor of saccharin is not exactly the 
same *” as that of sucrose. The sweetness varies from 200 to 700 times 
that of sucrose, depending upon the dilution; ** that is, the effective- 
ness is greater in more dilute solution. For example, 1.41 g. of the 
sodium salt in 1 kg. of water gives a solution equivalent in taste to a 
sucrose svrup of density 1.30 and 1.61 g. of such a solution is equiva- 
lent to 1 g. of sucrose ** while a liter of solution containing 0.055 g. of 
saccharin is equivalent in taste to about a 3% sucrose solution.*®> This 
variation is more or less 78" parallel with the variation in molar con- 
ductivity of the sodium salt on which the test was made; hence the 
taste has been ascribed to the anion. Although repression of the ioni- 
zation with sodium ions has been reported in one instance to decrease 
the sweet taste, other investigators have not agreed with this,°** and 
since the taste persists in acid solution the anion alone can hardly be 
responsible. Incidentally, saccharin decreases the “sourness” of hy- 
drochloric acid to about the same extent that sucrose does.3* It is 
further interesting to note that the relative sweetness increases with 
increasing concentration of alcohol in aqueous-alcohol solutions.3* 
The sweetness of saccharin is also increased by the presence of an- 
other sweetening agent, dulcin.*® Thus a solution containing in 1 I. 
120 mg. of dulcin and 280 mg. of saccharin is equivalent to one con- 
taining 535 mg. of saccharin alone and the mixture was reported to 
have a more pleasant taste than the saccharin solution. Dulcin has 
a smaller sweetening action than saccharin when alone in solution. 
Dulcin and urea diminish the unpleasant aftertaste of saccharin.*€ 

It has been claimed that one-half or more of the sucrose used in 
making up a sweetened foodstuff may be replaced by saccharin before 
the taste of the latter becomes noticeable.** However, if the product 
contains organic acids and is boiled hydrolysis occurs to a sufficient 
extent to change the taste.‘° The use of saccharin in the preparation 
of various drugs has been discussed.*” 
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Not only is saccharin used as a sweetening agent for those, such as 
diabetics, who need a low sugar diet but also in time of carbohydrate 
scarcity it may come into more general use. It has been reported * 
that in Germany in 1917-1919 about 1000 tons of artificial sweeten- 
ing agents replaced some 200,000 tons of sugar. At about the same 
time it was recommended for use in Italy *? in order to save sugar for 
children, invalids, and soldiers. The utilization of fodder by an animal 
is increased by addition of saccharin, but the expense involved made 

* this impractical.*® This widespread use and contemplated use of sac- 
charin have led to many investigations upon its physiological action. 

There is apparently no case on record where a human illness has 
been ascribed to the use of saccharin in normal amounts. One nine- 
year-old boy who ate 200 saccharin tablets became seriously ill but 
promptly recovered.** In feeding experiments of men *° and animals,** 
the latter experiments extending over several generations, no deleterious 
effects have become obvious. It has no effect upon diastatic action of 
saliva *7 or upon peptic and tryptic digestion; the gastric secretion ** 
is increased or unaffected. The activity of vitamins is not changed.*® 
When administered with glucose it inhibits greatly the resulting hy- 
perglucemia.*° 

A few investigators have concluded that saccharin is not entirely 
harmless. Carlson and co-workers *! summarized their results by say- 
ing: “Saccharin acting in the mouth decreases gastric appetite secre- 
tion, in the stomach it increases gastric secretion and decreases peptic 
digestion, in the small intestine it decreases absorption; acting on 
erythrocytes it decreases hemolysis. These reactions cannot be ex- 
plained by the osmotie factor. Saccharin in the blood, in proportion 
to its concentration, passes into the lymph, cerebrospinal fluid, saliva, 
tears and mammary secretion.” Continuous and general use was not 
regarded as harmless. Heitler 5? believed that it should not be used 
at all because of its depressant action upon the heart. In feeding dogs 
large amounts of saccharin over a period of 100 days the only effect 
was diffused hyperemia in the kidneys, lungs, myocardium, and liver 4* 
which suggests that it is not entirely innocuous. It is excreted un- 
changed in the urine. 

Saccharin has been reported 5* to have a marked bactericidal action, 
greater than that of phenol, but this seems to be somewhat exagger- 
ated.54¢ The phenylmercuric °° and o-hydroxyphenylmercuric **° salts 
have a marked inhibitory effect upon bacterial growth but this may be 
credited to the mercury part of the molecule. The method utilized in 
preparing these compounds is indicated by the equation. 
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Reactions of Saccharin: Hydrolysis and Reduction. Because of 
the stability toward hydrolysis shown by phthalimide and sulfona- 
mides it might be expected that saccharin would hydrolyze only slowly 
in strong acid or alkali. Actually, hydrolysis occurs with water alone, 
although the reaction is slow. Boiling a water solution results in 
97.4% hydrolysis in 96 hours ®5 and at room temperature 17.6% hy- 
drolyzes in 166 days. By comparison of absorption spectra measure- 
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ments the per cent hydrolyzed in 0.001 molar solution in 2 hours at 
various temperatures ** is as follows: 100°, 3%; 125°, 12%; 150°, 55- 
60% ; 200°, 80-86% ; 250°, 90-94%. The sodium salt is more stable, 
hydrolysis amounting to only 6% at 230° in 2 hours. With boiling 
dilute alkali conversion to o-sulfonamidobenzoic acid occurs with con- 
siderable rapidity * and the change stops at this stage. 
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The reaction is bimolecular with kyo = 0.020. In the acid hydrol- 
ysis 5758 as in water alone the product is an ammonium salt. This 
reaction is reported to be monomolecular and independent of the acid 
concentration with kyo9 = 0.045. The ease of hydrolysis of saccharin 
has been utilized many times in developing analytical procedures; the 
ammonium salt resulting from acid hydrolysis is treated with alkali 
and the ammonia determined in one of the usual ways. Ammonia is 
not liberated easily from p-sulfonamidobenzoic acid, one of the com- 
mon components of commercial saccharin, hence this does not interfere 
in the analysis. 
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Ammonia is also eliminated from saccharin by reduction with so- 
dium and amyl] alcohol ** but the reaction proceeds much farther. 
The sulfo group is then climinated as sodium sulfite and the ring is 
reduced; the final product is hexahydrobenzoie acid. On the other 
hand electrolytic reduction ®” in acid solution finally gives benzylsul- 
tam. 
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However, in 3% aqueous alkali the products are benzamide, then 
benzaldehyde and hydrobenzoin, elimination of sulfur occurring as 
in the sodium and aleohol reduction. 

Alkylation and Acylation. Heating the potassium or sodium salt of 
saccharin with an alkyl halide * results in alkylation of the nitrogen 
only. The reaction is slow with ethyl iodide in aleohol solution under 
reflux but this and less active halides react readily in butyl Carbitol- 
water mixtures. Several more complex halides have been shown to 
react. Alkylation occurs readily with 8-(phenylmethylamino) ethy! 
bromide,* with ethyl chloroacetate,“ and with chloroacetone and 
phenacy] bromide."*") Ethylene bromide % gives both possible reaction 
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products after 40 to 50 hours of refluxing in alcohol. 
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Both bromines of tetramethylene bromide have been replaced by sac- 
charin residues.* The p-nitrobenzyl compound has been recommended 
as a derivative suitable for identification ° of the halide. 

By treating the silver salt of saccharin with an alky] iodide both 
the N- and O-alkyl derivatives result.*7 The oxygen compound has 
also been obtained in 20% yield from the action of diazomethane 
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upon saccharin itself. The structure of the N-alkyl compounds is 
evident from their synthesis from alkylamines and o-chlorosulfonyl- 
benzoyl chloride.** They have also been obtained by refluxing sac- 
charin with dimethylaniline,’® by oxidation of the benzisothiazole 7° or 
isothiazolone,’? and by oxidation of the bis-(o-methylcarbamyl- 
phenyl) disulfide.” 


2 


N-Picrylsaccharin has been prepared by the action of picry] chloride 
upon the sodium salt ** of saccharin. Several other arylsaccharins 
have been obtained by indirect syntheses.” 

The action of an acid chloride or anhydride upon saccharin or its 
sodium salt gives only the N-acy] derivative.*7 7%" Likewise the ac- 
tion of the silver salt with acctobromoglucose 7 gives only the N-com- 
pound. 
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The action of p-phenetidine on ethyl saccharin-N-carboxylate gives 
a compound which is a derivative of both saccharin and dulcin but it 
does not have a sweet taste.7*4 


CO 
YNCOOC2Hs + HeNCeHsOC2Hs-p — 
Oz 


‘O 
Pawo CeH.OC2Hs-p + C2Hs0H 
2 


Miscellaneous Reactions. When heated with methanol * to 170° or 
at a lower temperature in the presence of hydrogen chloride **” sac- 
charin undergoes alcoholysis. Another ring cleavage reaction is the 
one occurring with phosphorus pentachloride ** at 120-140°. If the 
temperature is kept at 70-75° the resulting compound with alcohol 
yields N-cthylsaccharin,”® and hence is probably N-chlorosaccharin. 
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Heating saccharin with potassium chlorate and dilute hydrochloric 
acid gives an excellent yield of o-chlorobenzoic acid 7* whereas with a 
concentrated acid (1 to 1) there is formed a nitrogen compound in 
high yield. This was believed 7? to have the structure of an open-chain 
imide. The action of chlorine on the sodium salt, however, gives 
N-chlorosaccharin in good yield 7 while with saccharin itself chloro- 
pseudo-saccharin results. It may be mentioned that the chlorosaccha- 
rin reacts with methanol to give N-methylsaccharin. With toluene 
the side chain is chlorinated in practically quantitative yield after 
2 hours of refluxing. 
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The N-iodosaccharin results from the action of iodine upon the silver 
salt 7980 

When saccharin is treated with an aromatic amine at room tempera- 
ture the simple ammonium salt is formed, but when heated to near 
the boiling point ring cleavage occurs.7**! N-Methylaniline reacts 
similarly at first but upon long boiling N-methylsaccharin results, a 
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product also formed with dimethylaniline. The primary amines after 
long heating produce pseudo-saccharin derivatives as shown in the 
equation. 

When saccharin is added to an ether solution of phenylaminomag- 
nesium bromide(CegH;NHMgBr) hydrolysis of the reaction mixture 
yields a cleavage product presumably formed by the reactions shown 
herewith.*?. Other analogous compounds were prepared and their 
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chemical properties investigated. The suggested structures for the 
final products are not certain. 

The carbonyl] group in saccharin does not yield an oxime. Reaction 
with hydroxylamine occurs readily in aleohol, however, to give an 
addition compound ® whose properties have been exhaustively studied. 
It is readily reconverted to saccharin by treatment with concentrated 
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sulfuric acid or dilute nitric acid, by heating with acetic anhydride, 
and by heating alone at its melting point (157°). It is an acid which 
decomposes carbonates readily. The true saccharin oxime was ob- 
tained from thiosaccharin and hydroxylamine, hydrogen sulfide being 
evolved. The oxime when heated slowly to the fusion point decom- 
poses with evolution of nitrous acid leaving a residue consisting of a 
mixture of saccharin (60-70%) and psewdo-saccharinamine." 
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The carbonyl! group adds a Grignard reagent to give a hydroxy com- 
pound that is tasteless and insoluble in alkali. This lack of acidic 
properties raises the question of the correctness of the assigned struc- 
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ture but the compound did yield a dibenzoyl derivative. It should be 
mentioned that the N-alkylsaccharins undergo ring cleavage with 
Grignard reagents; ° it is surprising, perhaps, that saccharin does not 
behave similarly. 


MISCELLANEOUS REACTIONS 629 


CO #0 C(OH)(CH3)2 
| + 2CH3MgI —> 
/NGHs SOsNHCoHs 


Oz 


The imide group of saccharin condenses readily with formaldehyde 
to give the hydroxymethyl compound.*’ In the presence of 70% sul- 
furic acid two moles of saccharin react.“ 
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The reactive hydroxy] in xanthhydrol also condenses with the imide 
hydrogen; ** the product is readily hydrolyzed by acid. 


The condensation of phenols with saccharin in the presence of sul- 
furic acid or zine chloride” leads to the formation of compounds 
analogous to the phthaleins which have been named sulfamphthaleins. 
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Compounds of this class have been obtained from phenol, resorcinol, 
oreinol, phloroglucinol, hydroxyhydroquinonce, catechol, 1,2,4,5-tetra- 
hydroxybenzene, and also from m-aminophenol, m-dimethylamino- 
phenol, and phenylenediamine. Aluminum chloride has also been em- 
ployed as the condensing agent *° in reactions involving resorcinol and 
m-dimethylaminophenol. By heating saccharin and resorcinol with 
sulfuric acid at 135-140° for 7 hours a 52% yield of sulfonefluorescein 
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results, the nitrogen being eliminated.** In this condensation Dutt *° 
used zinc chloride to obtain the sulfamphthalein, the nitrogen being 
retained. 
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Detection and Determination of Saccharin. Because of the mul- 
tiplicity of uses to which an inexpensive synthetic sweetening agent 
may be put and because of legal restrictions upon its use the problem 
of analyzing foods, drugs, and drinks for saccharin has of necessity 
received much attention.°? Determinations carried out by hydrolysis 
of saccharin to ammonia have already been mentioned.*® Any such 
procedure must be preceded in practice by the isolation of the saccha- 
rin which may be present in only small amounts. It is insoluble in 
petroleum ether but quite soluble in ethyl ether and is usually ex- 
tracted with this or a mixture of ethyl and petroleum ether.°* Once 
pure or nearly pure saccharin is isolated it may be identified in a 
number of ways. Identification by microscopic examination of the 
crystals ** or of salts formed with various reagents °° has been devel- 
oped in detail. Fusion with alkali to give salicylic acid and deter- 
mination of this with ferric chloride *** or of the sulfur as barium sul- 
fate °°/-°8 frequently has been utilized. An ingenious method devel- 
oped a few years ago °*°§ involves suspending a filter paper or asbestos 
mat impregnated with magnesium oxide in the ether solution of the 
saccharin. After all the saccharin collects on the mat it may be fused 
with alkali to give salicylic acid. Adsorption on bone charcoal has 
also been recommended.** 

A colorimetric method that has been rather frequently used depends 
upon hydrolysis of the saccharin to o-sulfobenzoic acid and conversion 
of this to phenolsulfonephthalein °° by heating with phenol and phos- 
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phorus pentoxide or sulfuric acid. The product gives a red color in 
alkaline solution. A number of other miscellaneous methods and pro- 
cedures as well as applications of methods already mentioned are to 
be found in the literature! 

Analogs of Saccharin. Since replacement of a carbony] in the taste- 
less phthalimide by a sulfone group brings about such a remarkable 
change in flavor the effect of further substitutions and alterations has 
been investigated. The action of ammonia upon o-benzenedisulfony] 
chloride was first reported #2 to give the diamide but Holleman 2% 
has shown that this is actually the ammonium salt of o-benzenedisul- 
fonimide. A 0.1% solution of the salt has a distinctly sweet taste but 
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apparently no quantitative comparison with saccharin has been made. 
The ammonium salt has been converted to the sodium and calcium 
salts by treatment with the appropriate base. The free imide, obtained 
from the barium salt as hygroscopic crystals, m.p.192°, is extremely 
soluble in water, and has at once a sweet and acid taste with a bitter 
aftertaste. 

Heating saccharin to 220° with phosphorus pentasulfide gives as 
high as 90% yields of thiosaccharin.** This has a bitter taste and 
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mixed with saccharin gives a mild taste. It is easily hydrolyzed, re- 
action occurring even on long boiling with water, with formation of 
saccharin and hydrogen sulfide. The methyl] derivative obtained by 
the action of methyl sulfate was assumed to have the alkyl group on 
the nitrogen although it may have the sulfide structure. Acidic and 
alkaline hydrolytic agents act on thiosaccharin to give the same prod- 
ucts that result from saccharin, ammonium o-carboxybenzenesulfonate 
and o-sulfonamidobenzoic acid respectively. As already mentioned 
(see p. 628) hydroxylamine gives the oxime which has an insipid 
taste.** Warming thiosaccharin with aromatic amines leads to a vigor- 
ous reaction 2% with evolution of hydrogen sulfide and formation of 
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pseudo-saccharin derivatives. 

Another analog of saccharin is the pseudo-saccharin amide obtained 
by the action of ammonia upon o-cyanobenzenesulfonyl chloride,**’ 
from o-cyanobenzencsulfonamide by fusion, or by treatment with 
aqueous ammonia??? and from psewdo-saccharin chloride or ethyl 
ether, and ammonia. 
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An interesting substance somewhat further removed from saccharin 
than the foregoing but which does possess a sweet taste is that obtained 
from amyl nitrite and o-aminobenzenesulfonamide.!’* From the elec- 
tronic standpoint the compound could have either of the two structures 
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shown. That it does not contain the heterocyclic six-membered ring 
is evident from its lack of color, insolubility in ether, and instability 
toward heat. 

Saccharin Derivatives. Known derivatives of saccharin range from 
those in which a hydrogen has been replaced by an atom or group to 
compounds derived from naphthalene or biphenyl but which still con- 
tain the typical heterocyclic nucleus of the benzoic sulfinide. Saccha- 
rin derivatives obtained by replacing the imide hydrogen by various 
substituents have been mentioned under the reactions of saccharin. 
Those in which the benzene ring has been modified will now be con- 
sidered. 
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The 6-halosaccharins have been prepared by oxidation of the cor- 
responding toluene derivatives ‘°? and the bromine compound has also 
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been obtained from isomeric 4-bromobenzene-2-sulfonylbenzoy] chlo- 
rides? by the action of ammonia, and from the hydrolysis of 
4-bromo-2-sulfonamidobenzonitrile° The taste of these compounds 
becomes increasingly bitter with increase in the atomic weight of the 
halogen. There is a marked variation in the taste of the isomeric 
ehlorosaccharins. 5-Chlorosaccharin ?° obtained from m-chlorotolu- 
ene through sulfonation, conversion of the sulfonic acid to the amide, 
and oxidation has a swect taste with an intense and persistent bitter 
aftertaste. Davies found that 4-chlorosaccharin, prepared from 
6-chlorotoluene-2-sulfony! chloride, is about half as sweet as saccharin 
but has a somewhat astringent taste. The fourth isomer, 7-chloro- 
saccharin }?* has been described as intensely sweet. The method of 
synthesis for this compound is outlined below. 
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Tetraiodosaccharin has been prepared from the tetraiodo-o-sulfo- 
benzoic anhydride and ammonia.#* It has a faintly bitter taste and, 
interestingly enough, it was found to be insoluble in sodium hydroxide 
and would not condense with phenols. The crystals showed no sign of 
melting at 345°. 

In 6-nitrosaccharin the sweet taste is entirely lost, and the flavor 
has become exceedingly bitter. In addition to the usual preparation 
by oxidation of the toluene derivative #44 and from the acid dichlo- 
ride 75 it has been obtained from ethyl 4-nitro-2-chlorosulfonylben- 
zoate and ammonia.’}® The amine obtained from the nitro compound 
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has a sweet taste,"** but a number of acyl derivatives and ureas made 
from it do not,734 including the disaccharin urea and saccharin-6-dul- 
cin. The N-methyl, -ethyl, and -pheny] derivatives of the nitro com- 
pound were prepared in the usual ways. 

In 6-methylsaccharin, obtained from the sulfonamidotoluic acid or 
the tolunitrile,**+*7 the taste is not greatly different from that of sac- 
charin although a quantitative comparison is lacking. It is hydrolyzed 
by boiling with water to the sulfonamidotoluic acid and with potassium 
hypochlorite at 80° gives 4-aminotoluene-3-sulfonic acid. Since alka- 
line hydrolysis always yields the sulfonamide the reaction apparently 
proceeds without intermediate formation of the amide of the carboxy] 
group. It has been observed that N-chlorosaccharin ™ with cold 
alkali and then acid yields N-chlorosulfonamidobenzoic acid. 

Unlike the dialkylbenzenesulfonamides, mesitylenesulfonamide oxi- 
dizes first at the methy] adjacent to the sulfonamide group.24* The 
resulting 5,7-dimethylsaccharin was also prepared from 3,5-dimethyl- 
2-chlorosulfonylbenzoyl chloride and ammonia.4® It differs from 
other saccharin derivatives in that hydrolysis with acid at a high 
temperature yields a sulfur-free product, mesitylenic acid, while fusion 
with sodium hydroxide gives this acid and some 2,4-dimethylbenzene- 
sulfonamide. 

6-Hydroxysaccharin ™¢ has been prepared from the amine through 
diazotization and hydrolysis. It has an intensely sweet taste, probably 
more pronounced than saccharin itself. The hydroxy compound has 
been coupled with diazotized 6-aminosaccharin; the resulting azo com- 
pound has lost its sweet taste. 

The 5- and 7-methoxysaccharins+#® have been prepared from the 
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cresyl] ethers by the steps indicated. These substances have a bitter 
taste. 5,6-Dimethoxysaccharin has been obtained from homoveratrole 
by the oxidation method.1?° Neither this compound nor its sodium salt 
has a sweet taste. 
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Saccharincarboxylic acids, in particular the 4-isomer,!#* have been 
much investigated. Oxidation of 1-naphthalenesulfonamide with per- 
manganate gives a mixture of phthalic acid, sulfamidophthalic acid, 
and saccharin-4-carboxylic acid. The alkaline decomposition of 
2,2,3,3-tetrachloro-1,8-naphthasultam-4-quinone also gives this sac- 
charin derivative.12#¢ Unlike saccharin itself it is stable toward alkali 
but hydrolyzes readily to sulfamidophthalic acid with dilute hydro- 
chloric acid. To obtain sulfophthalic acid requires the action of con- 
centrated hydrochloric acid at 150°. The sulfonamide acid is recon- 
verted to the saccharin by heating at its melting point (194°) or upon 
treatment with concentrated sulfuric acid. The methyl sulfonamido- 
phthalate and the saccharincarboxylic acid are also interconverti- 
ble.1##¢ It is claimed that the saccharincarboxylic acid yields two dis- 
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tinct potassium salts,#*# preparea as shown in the equation. 
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The imide group is more strongly acidic than the carboxyl as shown 
by comparison of the conductivities of the isomeric methyl derivatives. 
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The structure of the N-methyl compound was shown by hydrolysis to 
methylamine with concentrated hydrochloric acid at 150°. The di- 
methyl derivative and carboxamide also were prepared.**!4 Fusion of 
the saccharin-4-carboxylic acid with potassium hydroxide yields the 
3-hydroxyphthalic acid. 

The saccharin-5- 1° and -6-carboxylic ?** acids have been obtained 
in the usual manner by oxidation of compounds in which the methyl 
and sulfonamide groups are adjacent. 7-Mcthylsaccharin-5-carbox- 
ylic acid has been similarly obtained from 4-sulfonamidomesitylenic 
acid.?#4 

The three possible saccharin derivatives of naphthalene have been 
prepared; they all are bitter in taste but chemically are much like 
saccharin. They result from the action of ammonia and then aqueous 
sodium hydroxide upon the cyanonaphthalenesulfonyl chlorides.’ 
The 2,3-compound was prepared from the acid dichloride. The 1,8- 


NH2 O 
C==N C——-NH 
CN 
O2Cl Ss 
NE O, Be Os 


compound which is not a true saccharin derivative was also prepared 
and characterized. 

A number of interesting compounds containing two of the hetero- 
cyclic nuclei present in saccharin have been synthesized. Of the pos- 
sible “disaccharins” derived from benzene whose formulas are shown 
it was one time believed that all had been synthesized }*° but further 
investigation 727 has indicated that the supposed II is actually IIa and 
III is IIIa; there may therefore be some question as to the structures 
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OC-NH HN-CO CHs 
S02 028 H2NO28 
C oO co ‘COOH 
O2S-NH O28-NH SO2NHe 
I ul Ha 
H N-CO CHg HN-CO 
| 
028 H2NOS O28 = 
SO2 SO2NH2 /Nu 
OC-NH COOH 5 
Oz 
Ul Ila Iv 


of I and IV. None of these substances has a sweet taste. The “di- 
saccharin” obtained from 4,4’-dimethylbiphenyl 1#8 was found to be 
tasteless. Synthesis was effected through oxidation of the 3,3’-disul- 
fonamide with potassium permanganate. 
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INTRODUCTION 


A lively interest in the chemistry of the sulfones has been in evi- 
dence during recent years. It has been generally assumed that the 
sulfur-oxygen bonds of these compounds are semi-polar and that con- 
sequently the sulfur is tetracovalent. This theory is in accord with 
the values of the parachor? for a variety of monosulfones but not for 
sulfonal and trional which exhibit a large negative anomaly. Deter- 
mination of the dipole moment values for methyl sulfone? in the 
gaseous phase, and for ethy] sulfone,’ phenyl sulfone,** and related 
compounds in solution indicates an approximately tetrahedral arrange- 
ment of the valence bonds which in turn implies that the sulfur-oxygen 
bonds are semi-polar. The dipole moment values are large, about 4.4 
Debye units for the alkyl sulfones and 5 for phenyl sulfone. That the 
oxygen is the negative end of the bond was demonstrated ® for sulfox- 
ides by measurements on para-substituted aryl compounds. There is 
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no reason to believe that this is not true for sulfones. Electron dif- 
fraction measurements on methyl sulfone’ also gave results that were 
best explained by the tetrahedral arrangement of the four valences. 

Two attempts have been made to obtain chemical evidence for the 
valence angle in aryl sulfones. Maclean and Adams ® prepared bis- 
(aminomesityl) sulfone but could not resolve it. Resolution might be 
possible if the carbon-sulfur bonds approximated the tetrahedral angle. 
On the other hand Liittringhaus and Buchholz °® in a study of the ring 
closure reaction of compounds having the general formula HOC,H,- 
SO.C.H.O(CH:2),Br found that the cyclic product resulted even when 
n= 5, This indicated that the two carbon-sulfur bonds might form 
an angle as small as 75° and not larger than 90°, compared with 112° 
for the sulfides. The only alternative was to assume the bonds had a 
small deformation energy. Thus far the evidence indicates, then, that 
in sulfones there exists a readily deformable approximately tetrahedral 
arrangement of valence bonds. 

The electron diffraction measurements of Lister and Sutton’ are 
incompatible with the theory that the sulfur-oxygen bonds in methyl 
sulfone are semi-polar and that sulfur is tetracovalent in this com- 
pound. The sulfur-oxygen bond length was found to be 1.44 + 0.03 
which is even less than the calculated value for a double bond and 
near that of a triple bond. A triple bond would, however, not be in 
accord with the dipole moment measurements since the moment of the 
sulfur-oxygen triple bond should be very small. From the standpoint 
of the electron structure of the sulfur atom its existence in the hexa- 
covalent state in sulfones is not unreasonable, particularly since sulfur 
hexafluoride is known. On the other hand, hexavalent sulfur would 
not be expected to be tetrahedral. It may be concluded, therefore, 
that the nature of the sulfur-oxygen bonds in sulfones is uncertain. 

It should be further mentioned that a sulfone of the structure 
R.2C=S0O2, containing a carbon-sulfur double bond has not been pre- 
pared. It was suggested ?° that in the reaction of sulfur dioxide with 
diphenyldiazomethane such a substance may be an intermediate, but 
it was not isolated. 


(CeHs)2CNo + 802 —> [(CeHs)2CSO2] > (CeHs)2C80280 — 


OL 
(CeHs)2CO + [S203] 


When 3,5-dibromo-4-hydroxybenzenesulfonyl chloride is treated in 
acetone solution with sodium carbonate or potassium acetate there is 
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formed an intermediate yellow product which may be a quinoidal sul- 
fone, but here again isolation was not possible." 


c@) 
OH I 
Br Br Br 
i J — colorless dimer 
\ 
O2Cl I 


2 

Several other problems in sulfone chemistry are closcly related to 
the valence behavior of sulfur. It has been observed,'* for example, 
that methyl] sulfone in alkaline deuterium oxide gradually exchanges 
its hydrogen for deuterium. This could occur through enolization and 
formation of a carbon-sulfur double bond or through direct ionization 
of the hydrogen. The same question arises in all instances where a 
sulfone group activates an adjacent hydrogen and facilitates a halo- 
genation, condensation, or racemization reaction. Examples of these 
changes will be described later. 

One of the recent developments in sulfone chemistry ‘that is of more 
than usual interest has come from the investigation of the substances 
formed from olefinic compounds and sulfur dioxide. Simple olefins 
yield polymers and dienes give also cyclic unsaturated sulfones. These 
reactions are discussed in detail in a later section. 


SIMPLE MONOSULFONES AND THEIR HALOGEN AND NITRO 
DERIVATIVES 


In this section the alkyl, alkyl aryl, and aryl sulfones will be de- 
scribed. Sulfones containing other substituents and compounds con- 
taining two or more sulfone groups are taken up in later sections. 


METHODS OF PREPARATION 


Sulfones have been synthesized by five methods that have wide ap- 
plication. In addition, a number of miscellaneous reactions have been 
of value in particular instances. Metliyl sulfone has been isolated in 
minute amounts from natural sources. From one ton of cattle blood ¥ 
the amount obtained was 3.5 g. and from 1000 kg. of adrenal glands 
only 186 mg. was separated.’ 

Oxidation of Sulfides and Sulfoxides. Sulfones are readily prepared 
by the action of a variety of oxidizing agents upon the corresponding 


OXIDATION OF SULFIDES AND SULFOXIDES 


Compound Oxidized 


(CHs)28 
CH;SC2Hs 


(C2oH5)2S 


(C2H5)2SO 
n-C3H7SCoHs 


(n-C3H7) 28 


(n-C3H7)2S0 
(iso-C3H7)2SO 
(n-C4H 9) 28 
n-C4HySC2Hs 
(iso-C4H9) 250 
(iso-C,H 1 » 280 
(act-CsHy 1280 
iso-CsH 1SOC2Hs5 
(n-C7H35)25 
(n-CgHi7)9S 
n-CaHi78CoHs 
n-CyollosSCoHs 
CrglI335Colls 
(CICH2)2S 


CICHSC2Hs 
CICH,CH.SC2Hs 


(ClisCHC1).8 
(CICH2CH2).S 
(CICH2CH2),SO 
CICH2CH.2CH2SC2Hs 


(CICH2CH2CH2)2S 
(BrCH»,CH2)28 
BrCH2CH2CH2SCHs 


TABLE I 
Reagent and M.-P. of 
Reference Sulfone, °C. 
A. Alkyl and Aralkyl Sulfones 
HNO;! 109 (b.p. 238) 
HNOs? 36 
KMnO, sig ec eee eee ee 
HNO; 70-71 (b.p. 248) 
KMnO0g25 Le eee 
NaOCl x. eee ee 
H2O2 nr re Chen ates 
Electrolysis?’ = «..........., 
HNOs! eee eee 
KMn0,* 25 (b.p. 142 
{23 mm.}) 
NaQClé gee 
KMn0O, ?° 29-30 
Cla +HeO® — ..... eee 
KMn0O, ? 36 
TENO; °® 43.5 
HyOvo #7 50-50.5 
KMn0, ? 17 (b.p. 265) 
KMn0O, ? 31 (b.p. 295) 
KMn0O, 29-30 
KMn0, ? 13.5 (b.p. 270) 
12 80 
HNOs+ KMnO, * 76 
HNO; 5 68 
KMn0O, * 78.5 
KMn0O, * 88 
(CeHsCO)202 70.5-72 
CeH,COsH * 33 (b.p. 128 
[14 mm.]) 
HO. ® (B.p. 120-122 
{4 mm.]}) 
(CeHsCO)202% 78-80 
(CeHgCO)202 55-56 
(CelIgCO)200% «0. eee 
H202 ® (B.p. 160-163 
{7 mm.]) 
H20z, etc.” 65-66 
(CeHsCO)20 * 111-112.5 
KMnO,* 34 (b.p. 156 


{158 mm.]) 
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Reaction Data 


Reaction slow in 
alk. sol. 

Acetic acid sol. 

Pt anode, acid 
sol. 


Best results in 
0.2 N NaOH 


Acetic acid sol. 


Acetic acid sol. 


100% yield in 
CHCl; at 10- 
15° 

80% yield 


Water solution 
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TABLE I (Continued) 


Compound Oxidized 


Reagent and 


Reference 


A. Alkyl and Aralkyl Sulfones (Continued) 


M.P. of 
Sulfone, °C. Reaction Data 
151 Acetic acid 
149.5-151 Chloroform sol. 


58-59 

127 Sulfide from 
camphene 

135 

60 

101 Acetic acid sol. 

117 

139.5 50% yield 

117 75% yield 

197 


42 

44 

98-99 
31-32 
35.5-36.5 
46-47 


Acetic acid sol. 


29-30, 72-73 

Oil 

58 

(B.p. 203-205) 

52 (b.p. 168- 
174 [7 mm.]) 

23-24, 26 

55-56 

(B.p. 120-123 
{17 mm.}) 


(B.p. 128-130 
{12 mm.]) 
102 .5-103 


(CeHeCHe)28 202” 
(CsHsCO).0 
CrO3 89 
(CeHspCHe2)2SO KMnQ, 16 
H,0, 7 
CsH;CH2SCH (CH3)CH(CH3)2 KMnO," 
CeHsCH2SCyoHiz KMn0O, 5 
[CeHs(CH3)CH}S H,02 * 
[CeHs(C2Hs)CH],SO O2(?) ® 
(CsHsCH2CH2)28 H,O- * 
(CesHsCH2CH2CH2).S HO, & 
p-NO2CsHyCH2SCaHy-n CrO3 % 
p-NO2CsHsCH.SCeH}:-iso0 CrO3 51 
(p-CH3CeH4CHe)2S KMnO, Lad 
B, Alkyl Aryl Sulfones 
CeH;SC2H, KMn0O, * 8 
CeH,SC3H7-n H.O2 57, 68 
CeHeSC(CHs)s H,02 * 
CeHsSCsH -n H,O2 8 
CeHsSCsH11-is0 HO, *: 6 
CeHsSCH (C2Hs)2 HO, 
CeHsSC(CH3)2CoHs HO, # 
CeHsSCioHig (menthyl) KMn0O, 
CeH;SCH2CH.CeHs KMnO, id 
CeH,SCF3 CrO; ete.7! 
CeHsSCH2CH2Cl HO, ® 
CeH;,SCH2CH.CH,Cl HO, * 7 
p-ClCsH SCF; CrQs, etc.7 
o-ClICgHSCF3 CrO3, ete.7 
2,5-CleCgsH3SCF3 CrOs, etc.7! 
2,4-CleCsH3SCF3 CrO3, ete.7 
p-BrCsH,SCH3 KMnO4*® & 
HO, * 
p-BrCsH,SC.Hs H202 hg 
p-BrCsH.SC3;Hr-n H202 & 
p-BrCsH.SC3H7-iso H202 s 
p-BrCsH«SCyHe-n H2O02 bad 
p-BrCgH.SCuHy-iso H.02 tad 
p-BrCeHgSCoHie-n H2O-2 ad 


OXIDATION OF SULFIDES AND SULFOXIDES 663 


TABLE I (Continued) 


Reagent and M.P. of 
Compound Oxidized Reference Sulfone, °C. Reaction Data 
B. Alkyl Aryl Sulfones (Continued) 
p-BrCsH«SC HeCeHy TI202 56 159 
p-BrCeH,SCH2CH2CeHs H,202 ® 86-87 
3,4-BroCeHsSCH3 H.O, ¥ 101 
o-ICgHySCH3 TI,02 ® 106-107 
p-ICgeHgSCoHs5 CrO; * 83 
CelIsSC(CH3)2CH2NOe CrQ3, H202 89-90 5 : 
CeHsSC(CHs)2CH(NO2)CHs Crs, H202" 100-102 porate meld 20k 
Cell sSCH2CeH4NOe-p CrO3 209.5 885 o yield 
o-NO2CsH4«SCH3 H202 % 106 
CrO3 3 52 104-105 65% 
o-NO2CsHSC3H7-n CrO3 2 50 86% 
p-NO2CeHsSCH3 HO: * 141 Acetic acid sol. 
CrO3 © 142.5 84% yield 
p-NO2CsH.SColl5 CrO3 5 138.5 16% 
p-NOeCsHsSCsH rn CrO3 ® 114 86% 
p-NO2CgH4«SC3H7-iso CrO3 115.3 86% 
p-NOeCeHaSC.He-n CrOz 56.4 70% 
p-NOeCeH 4SCgHy-iso CrOz; * 73 87% 
p-NOeCgH«SCsH 1:-iso CrOz * 62.5 70% 
p-NOeCeH«SCHoCeHs CrO; * 172 97% 
m-NOeCgILSCF3 Various ™ (B.p. 146-148 
[11 mm.}) 
p-NOeCeHaSCF3 Various 7 85-86 
p-NO2CeH«SCH2CH,Cl KMnQ, 70 128 
2,4-Cl (NO2)CeHsSCFs Various 7 (B.p. 170-172 
{17 mm.}) 
2,4-Cl(NOo) CeH3SOCFs3 CrOs, etc.™ 46 
2,4,6-Clo(NO2) CsH2SOCFs3 CrO3, etc.” 76 
3,4,6-Cle(NO2) CsH2SOCFs3 CrQs, etc.” 72-73 
2,5,4-Cle(NO2)CgH2SOCFs3 CrO3, etc.” 60 
2,4-(NO2)2eCeHsSCH3 CrO3 “ 184 Acetic acid sol. 
KMnO, ® 189.5 
2,4-(NO2)2eCeH3SC2H5 KMnOQ, wo 160 
2,4-(NOz) aCeH3SCglly-n KMn0O, 80, 127.5 
2,4-(NO2):CeHsSC3H iso KMn0Q,® 140.5 rea er 
2,4-(NO2)2CsH3SCsHo-n KMn0O,” 92 H.O added to 
2,4-(NO2)2CsH3SC,4H_-iso KMn0O, Lad 105.5 sulfide in 
2,4-(NO2)2CeH3SCpHir-n KMnO, = 83 acetic acid. 
2,4- (NO2) 2CgH38C5Hj)-iso KMn0O, 80. 95 The yields are 
2,4-(NO2)eCsHsSCgHi3-n KMnO, cd 97 good. The 
2,4-(NO2)2CgHsSC7His-n KMnQ, © 101 m.p 4 aie 
2,4-(NOe)eCeH3SCsHi7-n KMn0O, a 98 earrectad 
2,4-(NO2)eCeHsSCoHig-n KMnO, Lad 92 . 
2,4-(NO2)2CesH3SCHeCeHs KMnQ, © 182.5 


CrO3 # 177 
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TABLE I (Continued) 


Compound Oxidized 


Reagent and 
Reference 


M.P. of 
Sulfone, °C. 


B. Alkyl Aryl Sulfones (Continued) 


2,4-(NOe)eCelIsSCH 2CHoCells 
2,4-(NO2)2CeH3SCH (CH3)CeHs 
p-CH3 CgHySCH3 
p-CH3CgH,SCoHs 
p-CH3CgH,SCsll-n 
p-ClisCeH«SCHy-n 


p-CII3CeH«SCH2CI.Ct 


p-CIIgCell,SCF3 
3,4-Br(CH3)CeH3SCHs 
m-CF3C¢ H,SCF3 

2,4-NO2 (CH3) CsgH3SOCF3 
2,4,5-Cl(NOz) (CH3)CsH2SOCF; 
4,6,2-Cl(NO2)(CH3)CeH2SOCF3 
2,4,6-(CH3)3CgH2SCH2CH2Cl 


(CeHs)25 


(CeHs5)2S0 


(4-ClCgH,4)2S 
(4-BrCglI4)2S 
4-ICgsH,SCeH5 
2-NO2CsgH.SCeHs 


4,2-Cl(NO2) CgsH3SCsHs 
5,2-Cl(NO2)CgsH3SCgHs 
4-NOoCsHuSCegHs 
4,2-Cl(NO2)CeH3SCegHsCle-2,5 
(2-NO2C6H4)2S 


(4-NO2CgH4) 25 
2,4-(NO2)2CeH3SCeHs 


4,2-Cl(NO2)CgHsSCeH3(NOz)- 
Cl-3,4 


KMnOQ, © 
KMnO,? 
HO. #7 
KMnOQ, #8 
TsO, “7 
H.0, * 


T1,0. 7 
KMnO, ® 
CrOs, ete.” 
T,02 ¥ 
CrOs, ete.7! 
CrOQ3, ete.” 
CrOs, ete.” 
CrOs3, etc.7? 
KMn0O,4” 


C. Aryl Sulfones 


HNO; ™ # 
Cl, ® 


H202 * 

Cr, 2 21 
(CeHsCO)202 
Electrolysis 7 
Cl” 
(CeHsCO)202 
11,02 
KMn0, ® 
CrO3 a4 
KMn0,* 
HO. * 

H202 78 

76 

CrO3 * 

H.0. 7 

HNO; * 

CrO3 * 
KMn0, 43 


KMnO, ® 
KNO; 7 


133.4 
161 


(B.p. 175-177 
{4 mm.]) 

78-78.5 

71 

34-35 

101 

B.p. 93 (20 mm.) 


128 (b.p. 379, 
corr.) 


a 


121 


142 


Reaction Data 


Acetic acid sol. 


Acetic acid sol. 


In MgSO, sol. 


90% acetic acid 
sol. 


Chloroform sol. 


Acetic acid sol. 
100% yield 


88% yield 


Dil. sulfuric 
acid sol. 

Acetic acid sol. 

In H2S0O, sol. 
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Compound Oxidized 


TABLE I (Continued) 


Reagent and 
Reference 


M.P. of 
Sulfone, °C. 


C. Aryl Sulfones (Continued) 


[2,4-(NO2)eCeHa}zS 


{2,4,6-(NO2)3CeHeleS 
p-CH3Cell,SCeHs 
p-CligCeH4SCeH3(NO2)Cl-4,2 
p-CH3CeHSCeoll 3 (NO) 22,4 
p-Cli3CeH4SCeH3(NO2)Cl-2,4 
p-CH3CeH,SCeH3(NO2) Cl-2,5 
4,2-(NO2)(CH3)CelI38CeHs 
(o-CH3CelI4)28 
(m-CH3CeH,)2S 
(p-CH3C6H4)2S 
(p-Cel{gCeH,)8 
p-CelisCeHaSCeH3(NOze) 22,4 
(1-CyolI7) 28 

1-CypH7SCeHs 

(2-CywH7)S 

2-CyoH7SCeHs 
2-CyplI7SCyoH 7-1 


HNO; # 


CrO3 aid 


240~241 


CrO3 in HNO; ® 307 
KMn0, or CrO3 73 124.5 


HO. 
KMnQ, ® 
H2O2 
HO. 7 
KMnO, * 
KMn0O, # 
KMnQ, * 
KMnOQ, ** 
KMn0, ? 
KMn0O, ca 
CrO3 % 
CrO3 * 
CrO; % 
CrO3 2: % 
CrO3 % 


125 
189.5 

124 

189 

104 

134-135 

94 

158 (b.p. 405) 


115-116 
122.5-123 


1 Saytzeff, Ann., 144, 148 (1867); see also Ann., 189, 354 (1866). 
2 Beckmann, J. prakt. Chem., [2] 17, 440 (1878). 
3 v. Oefelc, Ann., 127, 370 (1863); 18%, 87 (1864). 


4 Wood and Travis, J. Am. Chem. Soc., 60, 1226 (1928). 


& Fenton and Ingold, J. Chem. Soc., 3127 (1928). 
6 Pummerer, Her., 68, 1407 (1910), 

7 Fichter and Wenk, Ber., 65, 1376 (1912). 

8 Spring and Winssinger, Ber., 16, 329 (1883). 

9 Grabowsky, Ann., 175, 350 (1875). 

10 Winssinger, Bull. soc. chim., [2] 48, 111 (1887) 
11 Hilditch, J. Chem. Soc., 98, 1619 (1908). 

12 Winssinger, Jahreahericht, 1281 (1887). 


13 Levin, J. prakt. Chem., {2} 118, 282 (1928); 119, 211 (1928); 127, 77 (1930). 


144 Schneider, Ann., 875, 239 (1910). 


15 Posner, Ber., 38, 651 (1905). 


16 Otto and Liders, Ber., 18, 1284 (1880). 
17 Smythe, J. Chem. Soc., 101, 2079 (1912); see also Hinspera, Ber., 61, 2838 (1908). 


18 Otto, Ber., 18, 1275 (1880). 


19 Zincke and Frohneberg, Ber., 68, 848 (1910). 
2 Stenhouse, Ann., 140, 290 (1866). 

21 Kekulé and Szuch, Z. Chem., 44 (1868). 

22 Purgotti, Gazz. chim, ital., 20, 31 (1890). 

4 Bourgeois, Ber., 28, 2323 (1895). 


4 Otto, Ber., 18, 1177 (1879). 


25 Krafft and Bourgeois, Ber., 28, 3047 (1890). 


% Krafft, Ber., 28, 2368 (1890). 


27 Gabriel and Deutach, Ber., 18, 387 (1880). 


33 Hinsberg, Ber., 68, 290 (1910). 


33 Fichter and Sjéstedt, Ber., 68, 3429 (1910). 
*% Bédeseken and Waterman, Jec. trav. chim., 29, 325 (1910). 


Reaction Data 


Reaction at 
120° 
Acetic acid sol. 


Acetic acid sol. 


Acetic acid 
Acetic acid 
40% acetic acid 


In acetic acid 
solution 
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31 Béeseken, ibdid., 80, 141 (1911). 

4 Bourgeois and Abraham, tbid., 30, 416 (1911). 

33 Zincke and Siebert, Ber., 48, 1247 (1915). 

34 Willgerodt and Klinger, J. prakt. Chem., [2] 86, 192 (1912). 

35 Claasz, Ber., 45, 1023 (1912). 

36 Schick, dissertation, Freiberg, 1906, p. 16. 

37 Bourgeois and Huber, Bull. soc. chim., [4] @, 947 (1911); Ree. trav. chim., $1, 30 (1912). 

38 Lobry de Bruyn and Blankama, thid., 20, 118 (1901). 

39 Grandmougin, Compt. rend., 174, 394 (1922). 

40 Zincke and Lenhardt, Ann., 400, 16 (1913). 

41 Fromm, Benainger, and Schafer, Ann., 894, 337 (1912). 

42 van Duin and van Lennep, Rec. trav. chim., 39, 160 (1920). 

43 Fromm and Wittman, Ber., 41, 2269 (1908). 

44 Beilstein and Kurbatow, Ann., 197, 78 (1879). 

45 Blanksma, Rec. trav. chim., 20, 425 (1901). 

4 Martynowicz, Chem. Zenir., II, 1048 (1910). 

47 Gilman and Beaber, J. Am. Chem. Soc., 47, 1450 (1925). 

48 Fromm and Kohn, Ber., 54, 320 (1921). 

49 Bourgeois and Henrion, Bull. soc. chim., 51, 1416 (1932). 

50 Bost, Turner, and Norton, J. Am. Chem. Soc., 64, 1987 (1932). 

51 Waldron and Reid, tbid., 48, 2405 (1923). 

52 Foster and Reid, ibid., 46, 1944 (1924). 

53 Michael and Carlson, J. Org. Chem., 8, 1 (1940). 

54 Michael and Carlson, ibid., 4, 169 (1939). 

55 Bost and Everett, J. Am. Chem. Soc., 6%, 1752 (1940). 

86 Koenigs and Wylezich, J. prakt. Chem., [2] 182, 24 (1931). 

57 Otto and Otto, Ber., 21, 998 (1888). 

58 Ipatieff and Friedman, J. Am. Chem. Soc., 61, 684 (1939). 

89 Shriner, Struck, and Jorison, tbid., 8%, 2060 (1930). 

6 Otto, Ann., 284, 301 (1895). 

61 Ipatieff, Pines, and Friedman, J. Am. Chem, Soc., 80, 2732 (1938). 

82 Bermejo, Herrera, and Panizo, Anales aoc. espaft. fis, guém., 88, 1182 (1934); C.A., 29, 3821 (1935). 

63 Bermejo and Herrera, C.A., 29, 3321 (1935). 

64 Bermejo and Herrera, IX Congr. intern. quim. pura aplicada, 4, 238 (1934); C.A., 80, 3418 (1936). 

65 Sergeev, J. Gen. Chem. (U.S.S.R.), 1, 279 (1931); C.A., 26, 2184 (1932), 

& Bogert and Mandelbaum, J. Am. Chem. Soc., 48, 3045 (1923). 

67 Béhme, Ber., 69B, 1610 (1936). 

68 Kretov and Toropova, J. Gen. Chem. (U.S.S.R.), 7, 2009 (1937); C.A., 82, 618 (1938). 

69 Bennett and Hock, J. Chem. Soc., 127, 2671 (1925). 

7 Baddeley and Bennett, ibid., 46 (1933). 

11 Miller, Scherer, and Schumacher, U.S. pat., 2,108,606; C.A., 32, 2958 (1938); French pat., 820,796, 
C.A., 8%, 3422 (1938); British pat., 479,774, C.A., 8%, 5226 (1939). 

7 Schumacher, Scherer, and Muller, U.S. pat., 2,191,062; C.A., 84, 4588 (1940); French pat., 844,321, 
C.A., 84, 7300 (1940); British pat., 503,920, C.A., 88, 7586 (1939). 

74 Kharasch, May, and Mayo, J. Org. Chem., 8, 188 (1938). 

74 Loudon and Robaon, J. Chem. Soc., 242 (1937). 

75 Loudon, tbid., 902 (1939). 

76 Loudon and Shulman, ibid., 1618 (1938). 


sulfides or sulfoxides. The reagents most commonly employed are 
concentrated or fuming nitric acid, potassium permanganate, hypo- 
chlorous acid or sodium hypochlorite, chromic acid, and hydrogen 
peroxide. The oxidation frequently stops at the sulfoxide stage when 
nitric acid is used. Hydrogen peroxide in acetic acid is to be highly 
recommended because the yields are high, the final product is easy to 
isolate, and groups other than the sulfide or sulfoxide are rarely at- 
tacked. Chromic acid and potassium permanganate oxidations are 
usually effected in acetic acid-water mixtures. 


ALKYLATION AND ARYLATION OF SULFINATES 667 


In Table I are listed the simple alkyl, alkyl aryl, and aryl sulfones 
together with their halogen and nitro derivatives which have been 
prepared by oxidation methods. Sulfones containing other substituents 
are discussed in later sections. 

Alkylation and Arylation of Sulfinates. A second method for pre- 
paring sulfones which has wide application involves the reaction of an 
alkali or silver sulfinate with an alkyl! halide or, rarely, an alkyl potas- 
sium sulfate. Halogen compounds as diverse as methyl iodide, tert- 
amyl bromide, and triphenylmethy! chloride have been used success- 
fully. Aryl halides containing one or more nitro groups ortho or para 
to the halogen are also sufficiently reactive to give fair yields of sul- 
fones. When two halogens are attached to the same carbon as in 
methylene iodide only one of them is replaceable by a sulfone group. 
Any further reaction that may occur results in oxidation of the sul- 
finate. 


CeHsSO02Na + CH2ISO2CeHs + H20 — 
CeHsSO3H + Nal + CH3SO2CeHs 


Chioroform does not react while benzotrichloride gives a monosulfone 
in small yield. The trichloroethanes yield disulfones; their behavior 
is discussed under y-disulfones (see p. 748). 


CeHsCCls + 2CeHsSO2Na + H2O —> 
CeHsCH2802Ce6H; + 2HCl + NaCl + CgH;SO3Na 


The use of halogen derivatives of aliphatic oxygen and nitrogen-con- 
taining compounds is described in later sections. With these limita- 
tions Table II contains data for the sulfones that have been prepared 
by alkylation or arylation of sulfinates. 

Closely related to the preparations of Table II C, is the reaction 
of an alkali sulfinate with an o-dinitro compound.*® 


Oo NOz 
+ ArSO2Na — + NaNOz 
NOs SOe2Ar 


The sulfones made by this reaction are listed in Table ITI. 
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Sulfinate 


C2H;SO.Na 


(CH3) 3CSOeAg 
CeHsC H.SO.Na 


CH380.Na 
C2H,SOoNa 
CsaHsCH2CH.SO.Na 
CsH,;SO.N a 


SULFONES 


TABLE II 


Halide or Sulfate M.P. of 
and Reference Sulfone, °C. Reaction Notes 
A. Alkyl Sulfones 

C2HsBr ? 73-74 

p-NO2CsH,CH2Br * 133-134 In alcohol, 24 hrs., 
reflux 

CHal * 78-79 

CH3I! 127 In water sol. 

Cols] } 84 

CegHsCH2Cl ? 150 In alcohol sol. 

B. Aryl Alkyl * and Aralkyl Sulfones 

2,4-(NOe)2CsH3Cl * 187 a aqueous alcohol 

2,4-(NO2)eCsH3Cl 4 157 sol. 

2,4-(NO2)2CeH3Cl 4 181 Alcohol gol. 

CHsglI # 88 In alcohol sol. at 
100° 

CH3KSO4® na eee eee At 120-130° in 
water sol. 

CeHsBr ? 41 (b.p. 300°) 2.0... eee eee 

n-C3H7Br 4 Aa, RON S Oede eines 

iso-C3lI7Br ¢ SS 1009 ely han eniden 

(CH3)2CBrCH2CHs § 70 In alcohol sol. 

iso-C5H 1; KSO, ® 37 In H20, 150° 

ClIlp==CIHCH2Br? Ou ee ee alled 

CICH2.NO:2 ® Poor yield 

CeHsCH2Cl % ™ 146-146.5 In 100% alcohol 

o-NOeCgHiCH2Cl ® 113 Alcohol sol. 

m-NO2CsH,CH.Cl ® 163 

p-NO2CsH,CH.Cl * 207 

p-NCCeH,CH2Cl ® 204.5 In alcohol sol. 

(CeHs)3CCl # 175-176 In ether sol. 

(CeHs)2(p-O2N CeH,)- 167-168 — eee eens 

CCl 

CHCl, 1 % 52-53 In alcohol sol.; one 
Cl reacts 

CH2Bre ® 46-48 In alcohol sol.; one 
Br reacts 

CHale * 64.5 Tn alcohol sol.; one 
T reacts 

CH3CHCl, 1 % 52 In alcohol, 150- 
160°; one Cl re- 
acts; yield small 

CeHsCHCle a eet Mantis ad's Yield small 

CsH5CCl; * 147 CeHsCH280.CeHs 
is formed 

p-NCCsH,CHCl, 8 162.5-163.5 In alcohol, 100°; 


one Cl reacts 
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Sulfinate 


B. Aryl Alkyl and Aralkyl Sulfones (Continued) 


4-F CeH.SO2Na 


4-CICgH,SO.Na 


2,5-CleCsH3SO2Na 
p-BrCegH,SO.Na 


o-I CeHsSOoNa 
p-I CeH,SO.Na 


2-OoNCgHuSOeAg 
3-O.N CeH4SOoNa 


4-Oo.NCsHsSO2Ag 


2,4-O2N (Cl) CeH3SO2Ag 


2-CH3CsH,SO2Na 


p-CH3CesH,SO.Na 
p-CH3CesH.8OoK 
p-CHsCeH,8SO2Na 


TABLE IT (Continued) 


Halide or Sulfate 
and Reference 


p-NO2CeHsCH2Cl 30 


CIIg] 2” 

CoHsBr 2 
iso-C3H7Br ” 
CeaH,CH.Cl ?” 

p-O2N CeH.CH,Cl 80 
m-OoNCgHyCHeCl x0 
o-OgNCgH,CHCl 30 
p-NCCgII,CH2Cl a1 
CHslI 
p-OoNCeHsCHCl ” 
m-OoNCsH,CH2Cl 30 
o-OgNCsH,CH2Cl %0 
CH] 4 
p-O2NCsgHsCH2Cl * 
m-OgNCsHsCH2Cl * 


o-O2NCgHsCH.Cl * 
CHsl *8 , 
CsH,CH2Cl 30, 46, 47 
p-OoNCgHyCH,Cl ™ 4 


m-O2N CsHyCH2Cl 30, 46 


0-OgNCaH,CH>:Cl 30: 46 
CHsgI ¥ 

CHsI 

CHsI 8 

C.H,;Br 8 


n-C3H7Br 8 
iso-C3H7Br ° 
n-C,Ho5Br 8 
iso-C4H gBr 8 
n-CsH)Br ‘ 


sec-CeHy3Br 8 
n-CgH37I ® 

CHsglI ® 

CH3KS0, § 
C2H,Br 2 
n-C3H7Br 10 
n-C3H7NaSO, a 
n-Cy2Ho5NaSO, % 
CHe==CHCH2Br? 


M.-P. of 
Sulfone, °C. 


185 


57-58, 96 
(260-261?) 
(226-2277) 
257-258 
162 

179 

137 

148.5 

88 

195 

182 

137 


129 


160, 151-152 
192, 180-181 
171, 194-195 


184, 192-193 
141 

143 

Yellow oil 
Yellow oil 


Oil 

Oil 

Oil 

Oil 

Yellow- 
brown oil 

Oil 


Reaction Notes 
In water-alcohol 
mixture 


In hot alcohol, 14 
to 20 brs. 


In boiling alcohol 
sol. 


In boiling alcohol 
sol. 


In alcohol sol. 


In boiling alcohol 
sol. 


In alcohol at 100° 
In alcohol for 20 
brs. 


In alcohol sol. 


In water sol. 
In alcohol sol. 


In water, 120-130° 
In water sol. 
Alcohol sol. 
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Sulfinate 


B. Aryl Alkyl and Aralkyl Sulfones (Continued) 


m-OgNCgH4CH2Cl 4 
o-OoNCelI4CH2Cl * 


2,5,4-Cl(NO2) (CHs)- 


CeH2SO2Na 


2,4-(CH3)2CeH3SO2Na 


1-CypH7SO2.Na 


2-CipH7SO2.Na 


1,2-C)CipHeSOoAg, 


CeHsSO2Na 


p-ClCgHsSO2Na 


p-BrCgH.SO.Na 


SULFONES 


TABLE II (Continued) 


Halide or Sulfate 


and Reference 


p-O2NCegH4CH:2Cl & 


M.P. of 
Sulfone, °C. 


162 


Reaction Notes 


182, 131~132 In boiling alcohol 


188-189 


2,4-(O2N)2Cel1sCHzCl © 159-160 


p-NCC.H,CII.Cl a 

(CeHs)sCCl 

CH, 

ie ‘ScHBr «o 
eH4 


CHCl, * 
CIl2Bre % 
CHale # 
CH3CHCl, }* 3 


CeH;CHCl, * 
CHI * 


CHslI ™ 

C.H;Br u 
n-C3H;Br 
ClIp=-CHCII,Br 16 
CHslI * 

C2H,gI * 
p-NCCeH,CII,Cl 31 
CHslI * 

C.HsBr ae 
CHp=CHCH2Br ae 
CHsI” 


C. Aryl Sulfones 


2-OsNCgH4Cl 2 
4-O.NCeH,Cl 21, 48 


2,4-(O2N)2CegH3Cl * 


2,4,6-(O2N)3CeH2Cl 2 


2,4-(O2N)2CgH3Cl * 


2,4,6-(O2N)3CgHoCl * 


2,4-(O2N)2CeHsCl 


p-CH3;CONHC.H.SO2K 2-OoNCegH,Br ® 


4-O.NCeH,4Br “8 


211 
173 


224-225 


84 
90-92 
126 
84 


203 


145-146 


Oil 
102-103 
88-89 
162.5 
142-143 
43-45 
95 
139-140 


147.5 
143 
159-160 


233 
168 


104-105 
190 


? 
? 


sol. 
80-85% yield 
In benzene sol. 
In alcohol 24 hrs. 


One Cl reacts 

One Br reacts 

One I reacts 

One Cl reacts, poor 
yield 

One Cl reacts; 
poor yield 


In methanol sol. 


In alcohol sol. 


In aqueous 
alcohol 
In aqueous 
alcohol 


Aqueous alcohol. 
10-20 minutes 
In alcohol, 20 hrs. 
Aqreous alcohol, 
10-20 minutes 
Cyclohexanol sol. 
Cyclohexanol sol. 
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TABLE II (Continued) 


Halide or Sulfate M.P. of 
Sulfinate and Reference Sulfone, °C. Reaction Notes 
C. Aryl Sulfones (Continued) 
m-OoNCgH SO.Na 2,4-(OoN)2CeH3Cl 3 196-197 In alcohol, 15 min. 
2,5-CleCgH3SO.Na 2,4-(OoN)oCeH3Cl * 178 In alcohol sol. 
o-CH3Cell4SO2Na 2,4-(OoN )oCelI3Cl 8 154 In aqueous 
alcohol 
p-CH3CeH.SO.Na 4,2-Cl(O2N)CeH3Cl “ 124 In ethylene glycol 
2,4-(OoN)2CgH3Cl * 187 In aqueous 
alcohol 
2-CipH78SO2N Ha 2,4-(OoN)oCeH3Cl % 228 In alcohol sol. 
2,4-Cl(OoN)CeH3Cl * 125 In ethylene glycol 


1 Fromm and de Seixas Palma, Ber., 88, 3315 (1906). 

2 Otto, Ber., 18, 1277 (1880). 

3 Michael and Palmer, Am. Chem. J., 6, 254 (1885). 

4R. Otto and W. Otto, Ber., 21, 998 (1888). 

§ Posner, Ber., 88, 651 (1905). 

6 Otto, Ann., 284, 301 (1895). 

T Otto, Ann., 288, 184 (1894). 

8 Troger und Voigtlinder-Tetzner, J. prakt. Chem., [2] 64, 524 (1896). 

9 Otto, Ber., 18, 161 (1885). 

10 Otto, J. prakt. Chem., [2] 40, 562 (1889). 

Nl Tréger and Uhde, fhid., [2] 68, 335 (1899). 

12 Otto, Ber., 21, 655 (1888). 

13 Otto, J. prakt. Chem., [2] 40, 515 (1889). 

14 Tréger and Budde, thid., [2] 66, 149 (1902). 

15 Tréger and Hille, zhid., [2] 68, 310 (1903). 

1 Otto, Rossing, and Triger, thid., [2] 47, 102 (1893). 

17 Tréger and .Artmann, thid., [2] 68, 500 (1896). 

18 Zincke and Farr, Ann., 881, 74 (1912). 

19 Zincke and Lenhardt, Ann., 400, 16 (1913). 

2 Zincke and Baeumer, Ann., 416, 99 (1918). 

21 Ullmann and Pasdermadijian, Ber., 84, 1153 (1901). 

22 Zincke and Lismayer, Ber., 61, 758 (1918). 

23 Baeyer and Villiger, Ber., 36, 2789 (1903). 

24 Baeyer and Villiger, Ber., 87, 608 (1904). 

25 Meyer and Fischer, J. prakt. Chem., [2] 82, 525 (1910). 

% Grandmougin, Compt, rend., 174, 393 (1922). 

% Purgotti, C.A., 18, 2515 (1919). 
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2 Dann and Davies, zbid., 1050 (1929). 

30 Tréger and Nolte, J. prakt. Chem., [2] 101, 136 (1920). 

31 Tréger and Beck, zbid., 87, 289 (1913). 

32 Tréger and Mueller, Arch. Pharm., 262, 32 (1914). 

33 Otto and Otto, Ber., 21, 1696 (1888). 

34 Shriner, Struck, and Jorison, J. Am. Chem. Soc., 82, 2060 (1930). 

35 Otto, J. prakt. Chem., {2] 40, 527 (1889). 

36 Henkel and Cie G.m.b.H., British pat., 415,527, C.A., 29, 820 (1935). 

37 Rheinboldt, Mott, and Molzkus, J. prakt. Chem., [2] 184, 257 (1932). 

38 Blackburn and Challenger, J. Chem. Soc., 1872 (1938). 

39 Hann, J. Am. Chem, Soc., 81, 2167 (1935). 

40 Adickes, J. prakt. Chem., [2] 148, 235 (1936). 
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TABLE III 
Nitro ComrounpD ALKALI SULFINATE Su.rong, M.P., °C. 
o-CgHa(NOz)2 p-CH3CeHySO2Na 156-157 
p-CICgH4SO2Na 137-138 
p-CH30CsH4SO2Na 149.5 
3,4,5-CH3(OH)(COOH)CsH2S02Na 226-227 (dec.) 
1,8,4-CICgH3(NOo)2 p-CH3CeHySO2Na 191 
CeH11S02Na 168-169 
1,2,4,5-CleCeHo(NOe)e p-CH3CeHO2Na 167 


In a somewhat analogous manner one sulfone group and its attached 
radical may be replaced by another if nitro groups are situated ortho 
and para to the first.16¢ 

SO2R SO2R’ 
OoN, O2N 
+R/SOr = + RSOz 
NO2 NOz 

Since the reaction is reversible the extent to which a change occurs 
depends upon the relative stabilities and concentrations of the compet- 
ing anions (sulfinates). Exchange of the sulfone groups occurs readily 
for the following pairs of compounds. In these replacement reactions 
three moles of alkali sulfinate were heated with one mole of the di- 
nitro sulfone in aqueous alcohol. 

2,4-(O2N)2CeH3SO2CH3 reacts with CoHsSO2Na. 

2,4-(O2N)2CeH3SO02CeoHs reacts with CH3SO2Na and. 

p-CH3CsH4SO2Na 

2,4-(O2N)2Ce6HsSO2CeHs reacts with CH3802Na, CeHsSO2Na, 

and p-CH3CsH,SO2Na. 
2,4-(O2N)2CeH3802CgH4CHs-p reacts with CoHsSO2Na and 
CoHsSO2Na. 

2,4-(O2N)2CsH3S02CeH4Cl-p reacts with CeHsSO2Na. 

2,4-(O2N)2CeH3SO2CoH4NOo-m reacts with p-CH3CeH.8O02Na. 

2,4-(O2N) 2CegH3S02CgH3(NO2)CI-3,4 reacts with p-ClCgH4SO2Na. 
2,4-(O2N)2CgH3802CgH3 (NOz)Br-3,4 reacts with p-BrCgH4SO2Na. 
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On the other hand these pairs of compounds do not react. 
2,4-(O2N)2CeHsSO2CeHs did not react with 2,5-CleCeHs3SO2Na. 


2,4-(O2N) 2CeH3SO2CeHs (NO2)CI-3,4 did not react with 
m-OzNCsH4SO2Na. 


Interchange of sulfone groups also occurs when the dinitrosulfone 
reacts with a thiosulfonate in the presence of sodium carbonate. 


NOe CH; NO2 
+ => + CsHsSO2SCH3 
NOe2 NOeg 


SO2CeHs5 SO.8CH3 SOoCeH4CHg 


Friedel-Crafts Reaction. A third method for preparing sulfones 
consists in the reaction of a sulfonyl] halide with an aromatic hydro- 
carbon in the presence of aluminum chloride or ferric chloride. This 
method is limited to the synthesis of alky] aryl and ary] sulfones, and 
only for the latter are the yields good. The mechanism of the reaction 
has been thoroughly investigated. p-Bromobenzenesulfony] chloride 
forms an addition product with aluminum chloride in carbon disulfide 
solution.17 With a trace of benzene this becomes converted largely 
into p-bromobenzenesulfinic acid. With an equivalent amount or more 
of benzene some of the sulfinic acid still results although sulfone for- 
mation is the main reaction. When the sulfonyl bromide is substituted 
for the chloride the following reaction occurs. 


p-BrCeH4SO2Br + AlBrg — p-BrCgH4SO2AlBre + Bre 
No sulfone can be obtained by adding benzene. Dilution of the re- 
action mixture with water re-forms the sulfonyl bromide. 
ArSO2AlBre + Bre =. ArSO2Br + AIBrs 
By analogy conversion of a sulfonyl chloride into a sulfinic acid by 
aluminum chloride should give free chlorine. Actually chlorination 
products were isolated. 

A sulfonyl chloride reacts with benzene only when present as an 
addition product of aluminum chloride. The activity of this addition 
product is much increased by the presence of free aluminum chloride 
in the solution. Since the resulting sulfone forms an inactive addition 
product with aluminum chloride it is necessary to employ at least one 
mole of catalyst per mole of sulfone produced. The relative reaction 
rates of the p-bromobenzenesulfony! chloride-aluminum chloride addi- 
tion product with various compounds for one set of conditions are 
shown in Table IV. Nitrobenzene gives a crystalline addition product 
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TABLE IV 
Reactions or p-BrCeH,80.Cl 

Compound K 
CeH;CH3 0.00413 
CeHe 0.00111 
CeHsBr 0.00102 
CeH;Cl 0.000802 
CeHsNO2 0.000000 


with aluminum chloride but does not react with the sulfonyl chloride. 
The velocity constants for various sulfonyl] chlorides in the reaction 
with benzene in excess benzene as the solvent ?® are listed in Table V. 


TABLE V 
Reactions oF AROMATIC SULFONYL CHLORIDES WITH BENZENE 
K for 
Compound 0.1 N sol. 0.2N sol. 
p-CH3C.sH,SO,Cl 0.000646 ~—>—............... 
CsH,;SO,Cl 0.00212 0.00382 
p-ICsH4S8O.Cl 0.00140 0.00285 
p-BrCeH,4S80.Cl 0.00111 0.00226 
p-ClCsH,SO2Cl 0.00106 0.00224 
m-O2.NCe6H.80.Cl 0.000136 0.000284 


The reaction of benzene with benzenesulfony] chloride has also been 
investigated in benzenesulfonyl chloride solution.?® Here the benzene- 
sulfonyl] chloride-aluminum chloride complex did not form as it does 
in benzene solution. 

In Table VI are given the essential data for the reactions in which 
a variety of sulfones have been prepared by the Friedel-Crafts method. 

The reaction of benzenesulfonyl chloride with naphthalene in the 
presence of aluminum chloride gives no more than a trace of a crystal- 
line product.*°* No sulfone was isolated from the reaction of m-ben- 
zenedisulfonyl chloride and benzene, amorphous products constituting 
the reaction mixture. Ferric chloride? has been patented as a cat- 
alyst for the preparation of sulfones. 

Sulfones from Sulfonic Acids. In the section on sulfonation re- 
actions it was pointed out that sulfones frequently occur as by-prod- 
ucts in the preparation of sulfonic acids. It is interesting in this con- 
nection that phenyl sulfone has been found in some samples of thio- 
phene-free benzene,” apparently because of its formation in the purifi- 
cation process involving sulfuric acid. Likewise the still residue from 
the preparation of phenol by the action of fused alkali with sodium 
benzenesulfonate was shown to be about one-third pheny] sulfone.?? 


SuLFoNYL CHLORIDE 


CH3S0.Cl 


CgHsSO02Cl 


p-ClCgH,SO2Cl 


p-BrCgH,SO2Cl 


p-ICgH4SO2Cl 


p-CH3CsH,S80.Cl 
m-N O2CgH4SO2Cl 


4,3-Cl(NO2)CeH3S02C1 


o-CH3CgH,SO2Cl 
m-CH3CgH,SO.C1 
p-CH3CeI¥SO2Cl 


3,4-CH3(CH30)CsH3S0.C1 


2,5-CH3(NO2)CgH3SO02C1 
4,3-CH3(NO2)CgH3SO2C1 
2,4,6-(CH3)3CgH2S02C1 


p-CgHsCeH,SO2C1 


TABLE VI 


HYDROCARBON OR 
Derivative, REF. 


CsHe * 
CeHg t 


CsH5Cl* 75, 16, 21 
CsHsBr 1 
CeHsN(CHsa)2 # 
CsHsCH3 } #3 


o-CH30C,H,CH3 20 
CeH CoH, # 
m-CeH4(CHs)e ! 
m-CeHa(CeHs)2 % 
Cella & 74 

CgH;Cl ® ¢ 

CeHe 4 7% 2 


CesH,Cl * § 

CoH Br + 5: 16: 21 
CeHsCHs * * 
Cole & 1% 17 


CeHsCH; # 


p-CeH4(CHs3)2 # 
o-CH30C,H,CH3 20 
CeHe 7° 

CelIgCHs '* 
CeH;5Cl * 

Calle * 10 
CeHsCHs 

Cpl, 3 8 7 10 
CegH;Cl # 

CsH;Br a 

CeHeN (CHa)2 * 
CeHsCHy #5 2 
CelHeCoHs # 

Cells 2 

CeH,OCH; * 
o-CH3;0Ce¢H.CH3 20 
CeHe & 9 

CeH, * 
1,3,5-(CH3)sCeH3 * 
CeHsCoHs * 


1 Beckurts and Otto, Ber., 11, 2066 (1878). 
2 Ulimann and Korselt, Ber., 40, 641 (1907). 
3 Michael and Adair, Ber., 11, 116 (1878). 

4 Boeseken, Rec. trav. chim., 80, 139 (1911). 
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M.P. or 
SuLFoneE. °C. 


88 


124, 122.5- 
123.5 
93, 91-91.5 


124-125, 125- 
125.5 

112-112.5 

93-93 .5 

80 

119 

93 

147 

108-108.5, 
104-105 

157 

172, 170-171 

130.5 

141 


162 


115 

126 

80.5-81 

93 

130 

81 

116 

124.5 
123-123.5 
135-136 

212 

158, 156-158 
112-113 
112-112.5 
126 

138 

158 

117.5 
202-204 (corr.) 
216 
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Reaction Nores 
Excess benzene, 
poor yield 
80% yield 


87% yield 
No reaction 
In CS. 


Para compound 


4-sulfone 

Poor yield 

In excess benzene 
89% yield 

In excess benzene 


Para compound 

Para compound 

Para compound 

In C&> sol. 
80~90% yield 

At 0°, para com- 
pound 


In benzene at 40° 
Low yield 


95% yield 
Para compound 
Excess benzene 


In CS, 
85% vield 


Isomer, m.p. 102° 
In CS: sol. 
At b.p. of benzene 
93% yield 
In CS; 75% yield 
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Apparently most of the trace of sulfone originally present survives 
the alkali treatment. 

In some sulfonations the yield of sulfone becomes appreciable. 
p-Dichlorobenzene ** with 10% oleum gives 10-15% of the sulfone. 
Fluorobenzene, o-dichlorobenzene, o-dibromobenzenec, and iodoben- 
zene ** with chlorosulfonic acid at 50° give chiefly the sulfones and in 
other instances with this reagent sulfone formation is a common side 
reaction.*® Fluorosulfonic acid gives only a trace of sulfone with eth- 
ylbenzene.*® The action of chlorosulfonic anhydride, S,O5;Cle, upon 
toluene gives a chlorotoly! toly] sulfone as one product.?’ 

By varying the reaction conditions a sulfone may be made the chief 
product of a sulfonation reaction provided the original compound does 
not contain a meta-directing group or an accumulation of other groups 
which renders sulfonation difficult. The reaction between a sulfonic 
acid and an aromatic compound proceeds much less readily than does 
the reaction with sulfuric acid. To make the sulfone formation occur 
it is necessary to keep the reaction mixture anhydrous by removing 
the water as fast as it is formed cither by distillation or by chemical 


CeHsS03H + CoH =? (CoH5)2802 + H20 
means. Both types of procedure are illustrated in the following para- 
graphs. 

A fair yield of phenyl sulfone results from the action of sulfur tri- 
oxide upon excess benzene,”* preferably in the vapor phase,?® part of 
the sulfonating agent reacting with the water. It has been suggested *° 
that sulfur trioxide reacts in the bimolecular form in producing sul- 
fones but there is no direct evidence on this point. 
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2CeHe + S206 — (CeHs)28(OH)202802 — (CeHs)2802 + H2SOx 


Instead of the sulfonating agent removing the water formed in the 
reaction, phosphorus pentoxide may be used, since heating a sulfonic 
acid with a hydrocarbon in the presence of this reagent yields a sul- 
fone.** 

When excess benzene is refluxed with sulfuric acid and the con- 
densed hydrocarbon is passed through an automatic separator to re- 
move the water, the yield of phenyl sulfone reaches 75-80% in 50 
hours.*. Toluene, chlorobenzene, bromobenzene, and naphthalene **® 
give the corresponding sulfones in a similar manner. 

Unsymmetrical sulfones can be prepared by passing a gaseous hy- 
drocarbon through a sulfonic acid ** at temperatures in the range of 
125~200°. The excess hydrocarbon vapor removes the water. This 
useful method of sulfone formation is illustrated by the data of Table 
VII taken from the work of Meyer.** 


TABLE VII 


Hyprocarson Reaction Temp.. Y1EvpD AND M.P, 


Suuronic Acip (on Derivative) °C. AND TIME oF SULFONE, °C. 
CsH;SOsH Celle 150, 15 hrs. 30%; 128 
CeHsCHs 135, 8 hrs. High; 80 
1,2,4-(CHs)3CeHz 150, 4 hrs. . ++; 160 
1,3,5-(CH3)sCeH3 160, 15hrs.  ......... 
CeH,Cl 160, 20 hrs. High; 91 
p-CH3CsH.SO3;H Celle 135, 8 hrs. High; 80 
CeHsCHs 180, 20 hrs. 80%; 158 
CegHsCl 160, 20 hrs. High; 128 
2,4-(CH3)eCelI3S03H CeH;CH3 170, 24 hrs. Recnee 121 
m-CegH4(CHs)2 180, 12 hrs. Seige 2l 
1,2,4,5-(CH3)3Cel12503H CeHe 150, 4 hrs. Small; 160 
CeH;CH3 155, 3.5 hrs. Small; 159 
m-CegH4(CHs3)2 175, 3.5 hrs. Small; 125 
1,3,5,6-(CH3)3CesH2SO3H CeHe 160, 15 hrs. Small; 116 
CeHsCHy 160, 9 hrs. 20%; 119 
m-CeH4(CHs)e 160, 8 hrs. Small; 149 
4-CICgH,SO3H CeHe 160, 20 hrs. High; 91 
CeH,CHs 160, 20 hrs. High; 128 
CegH,Cl aster ay 146 
B-CyoH7S03H CeHsCHs 150, 12 hrs. ... 7 154 
m-CeH,4(CHs)e 170, 10 hrs. High; 128 
CeHsCl 150, 10 hrs. Very small; 
136 
B-Cyp9H1)SO3H (from tetralin) CsHsCHs 150, 12 hrs. High; 112 
m-CeH,(CHs)e 165, Sache deans Selty 78 
p-CeH4(CHs)2 165, .... vere y LIS 


CeHCl 160. ...... .. +3 136 


678 SULFONES 


In several instances the results were not in accord with those ex- 
pected for a simple reaction. a-Naphthalenesulfonic acid with toluene 
forms naphthalene, p-toluenesulfonic acid, and p-tolyl sulfone. Ben- 
zene behaves analogously. 2,5-Dichlorobenzenesulfonic acid also loses 
the sulfo group when heated with toluene or m-xylene. 2-Chlorotolu- 
ene-5-sulfonic acid with toluene yields p-tolyl sulfone and with m-xy- 
lene xylyl p-tolyl sulfone. The sulfonic acid loses hydrogen chloride 
at 110° with formation of some p-toluenesulfonic acid so this pyrolysis 
probably precedes sulfone formation. 

Decomposition of Alkyl and Arylsulfonylearboxylic Acids. Car- 
boxylic acids which have a sulfonyl group attached to the alpha car- 
bon decompose readily with loss of carbon dioxide and formation of 
simple sulfones. Methylsulfonylacetic acid ** yields methyl sulfone, 
and a-cthylsulfonylpropionic acid,** ethyl sulfone at 200°. Sulfonyl- 
bisacetic acid and sulfonyl-«,«-bispropionic acid ** behave similarly. 


CH;CHCOOH 
| 
80. > (C2Hs)2802 + 2CO2 
CH;CHCOOH 


Heating either a-phenylsulfonylbutyric acid *’ or the sodium salt ** 
gives phenyl n-propyl sulfone. «-Phenylsulfonylisobutyric acid ** 
gives the isopropyl compound when heated at 170° with potassium 
hydroxide solution. 

When bromosuccinic acid or a, 8-dibromosuccinic acid is heated 
with sodium benzenesulfinate the carboxy! adjacent to a sulfone group 
is lost at once.’® @-Phenylsulfonylphenylacetic acid *° gives phenyl 


(CIIBrCOOI)2 + 2Cs6HsSO2Na — (CH2S02Ce6H3s)2 + 2NaBr + 2COz2 


benzyl sulfone at 142°. 

In a patent *’ there has been described the preparation of a targe 
number of o-nitroaryl alkyl and aralkyl sulfones by decomposition of 
the alkali metal salts of a-(oe-nitrophenylsulfony]) -alkane-a-carboxylic 
acids by heating in a slightly basic aqueous solution. These nitro 
compounds were converted into the amines which were claimed to be 
of value as dye intermediates. The compounds prepared are listed in 
Table VIII. 

Acids which have one or two halogen atoms attached to the a-carbon 
undergo loss of carbon dioxide at a much lower temperature than do 
the unsubstituted a-sulfonyl acids. When one halogen atom is present 
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TABLE VIII 
Nirroaryyp ALKYL AMINOARYL ALKYL 
Actpy Decomposep OLFONE, M.P., °C. Suxtrons, M.P., °C. 
4,2-Cl(O2N)CsH3S0:CH2eCOOH 155-156 87-88 
4,2-F3C(O2N)CegH38O2CH2zCOOH 150-151 94-95 
4,2-Cl(O2N)CeH3SO2CH(CgHs) COOH 112-113 132-133 
2-O2N CsH,SO2CH2COOH 106-107 84-85 
2-O2N CgH«SOoCH (CH3) COOH 44-45 74-75 
4,2-Cl(O2N)CeH3SO02CH (C2Hs)\ COOP 73-74 54-55 
2-02N CgH,SO2CH(CeHs) COOH 127-128 156 
CH2—CII2 
2-O2N Cel 148O2—-C—COOII ott Amie 128-1380 
\cH—CHe 
4,2-C}(OoN)CeII3S02CH (CH3)COOH 123-125 87-89 
4,2-C1(OgN)CeH3S8O2CH(C3H7-n)COOH i... . Oil, b.p. 225- 
226/8 mm. 
5,2-Cl(OgN)CgH3SO2CH2eCOOH —se_s........ 121-123 
2,1-OoNCyTeSO2CH2COOH  —_—ad......... 140-141 
4,2-CH3(O2N)CegH3SO2CH2COOH 122-124 105-106 
4,2-CII3(OoN) CelIs8O2CII(CH3)COOIL 88-89 102 
4,2-CII3(OoN)CeglI]s3SO2oCH(C3H7-n)COOH i... 37-39 
4,2-CH3(OeN)CeH3SO2CH (Cel1;) COOH 134-136 135-136 
5,2-CITz30(O2eN)CeHsSO2CH2COOTT sei... 100-102 
4,2-(OgN)eCeHIs38O2oCHeCOOWL isa ns 199-200 
(o-amino) 
5-2-(OeN)oCelI3802CHeCOOH =————‘(«z#«ai ag 203-204 
(o-amino) 
4,2-F3C(O2N )CeH3SO2CH (CIs) COOII 116-118 42-43 
4,2-F3C(O2N )CeHsSO2CH (CeHs) COOH 134-135 193-195 
4,2-Cl(OoN)CeHsS8O2CH (C7H;-p) COOH 133-134 119-120 
2-O2N CgH4SO2CH (C7H7-p) COOH 163-164 163 
2-O2N CeH4SO2CH (CgH3Cle-3,4) COOH 148-149 150 


decomposition of the free acid occurs in boiling water and the salts 
are tuo unstable to isolate. No sulfonyl dihaloacetic acid has ever 
been isolated because loss of the carboxy] group occurs spontancously 
at room temperature. Several ¢-haloalkyl aryl sulfones have been ob- 
tained from the corresponding acids in good yields.*':** 4? These are 
listed in Table IX. 

The acids necessary to prepare the sulfones in Table IX have been 
synthesized by one of two methods which will be discussed later. 

The preparation of dichloromethyl phenyl sulfone by the action of 
sodium hypochlorite upon phenyl cyanomethy] sulfone in alkaline so- 
lution ** and of dibromomethy! phenyl sulfone by treating benzene- 
sulfonyl-N-a-dibromoacetamide with 30% potassium hydroxide ** 
probably involves the loss of the carboxyl group from the acids as 
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_ TABLE IX 

SULFONE M.P., °C. 
CICH,SO.2CeH5 52-53 
CICH2SO2.CeH.CH3-p 84 
CH;CHCISO.2CeHs 52 
CH3CHCISO2Cel1sCH3-p 84 
CH3CHBrSO2C'gHs 49-50 
C,H;CHBrSO.CsHs 77-78 
C2H;CHBrSO2CeH4CH3-p 93-94 
Cl.CHSO2C.gH;, 56 
CleCHSO2CsgH,CH3-p 114 
BreCHSO2CeHs 76 
BreCHSO2Ce6H,Cl-p 115 
BreC HSO2C¢6H,Br-p 118 
BreCHSO2CeH.CHs3-p 116-117 
I,CHSO.CeHs 96-97 


intermediate steps. This obviously also occurs in the preparation of 
p-chloropheny! and p-bromophenyl dibromomethyl sulfones by the 
CeHsSO2CH2CN + NaOCl — 
‘eH¥sS02CCLCN 3 CoHs802CHCle 
CeHsSO2CHBrCONHBr + KOH — 
, CeHsSO2CBreCONH2 — CsHsSO2CHBr2 


action of alcoholic alkali upon the dibromoacetates.* 


p-ClCgH4SO2CBreCOOC2Hs + 2KOH — ; 
p-ClCsH4SO2CHBre + C2Hs0H + K2CO3 


Bromination of £-hydroxycthylsulfonylacetic acid is of interest in 
that both loss of carbon dioxide and ether formation take place.*é 


2HOCH2CH2SO2CH2COOH + 4Bre > 
2CO2 + (BreCHSO2CH2CH2)20 + 4HBr + H2O 


Carboxylic acids containing a sulfone group in the 8-position do 
not lose carbon dioxide easily.47 Potassium 8-phenylsulfonylpropi- 
onate is unchanged by heating at 180°. 

Miscellaneous Preparation Methods. A numbcr of organometallic 
compounds yield sulfones when treated with esters or sulfonyl halides. 
Phenylmagnesium bromide ** reacts with ethyl cthanesulfonate to give 
phenyl ethyl sulfone as one of the products, but the yield is small. 
On the other hand aryl p-toluenesulfonates give from 40 to 80% yields 
of sulfones with aryl Grignard reagents.*® With alkylmagnesium 
halides the results are poorer. Diphenyleadmium and benzenesulfony] 
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chloride" give 15% of phenyl] sulfone and a like amount of chloro- 
benzene, most of the sulfony] chloride going to form the sulfinic acid. 
p-Toluenesulfony] iodide and di-p-tolylmercury °+ were reported to re- 
act only partially but considering the material used in the reaction 
the yield of sulfone was practically quantitative. Benzenesulfony] 
chloride °? reacts at 160°. 


(CeHs)2Hg + 2CeHsSO2Cl —> 2(CeHs5)2802 + HgCle 


It was found many years ago*®® by Frankland and Lawrance that 
sulfur dioxide and diethyllead react to give ethyl sulfone, but the 
reaction does not appear to have been studied further. 

The pyrolysis of benzenesulfonic ** acid yields a small amount of 
sulfone together with benzene and sulfuric and sulfurous acids. In 
the distillation of the crude mixture obtained in the preparation of 
phenylmethylearbiny!] sulfide a little of the sulfone was produced 
from an uncertain source. The action of sulfury! chloride upon ben- 
zene in the presence of aluminum chloride ™ produces a small yield of 
sulfone, chlorobenzene and benzenesulfony] chloride being other prod- 
ucts. 

Phenylmethylearbiny] p-toluenesulfinate rearranges °? under a vari- 
ety of conditions to give the sulfone. The best yield was obtained in 
formic acid solution. 

Benzy! sulfone has been isolated as a by-product from the reaction 
of benzy] chloride with potassium sulfite.5** It is difficult to account 
for this, as the principal product, potassium w-toluenesulfonate, would 
hardly be reduced to the sulfinate by potassium sulfite. In acid solu- 
tion benzhydrol condenses with benzene- or a-naphthalenesulfinic 
acid °8° to give the sulfone. 


(Ce6Hs)2CHOH + CeHsSO2H — (CeHs)2CHSO2CcHs + H20 


p-Tolyl bromomethy! sulfone * has been prepared by treating the 
product obtained from p-tolyl methyl sulfone and ethylmagnesium 
bromide with bromine. 


p-C7H7SO2CH2MgBr + Bre => p-C7H7SO2CH2Br + MgBre 


PROPERTIES AND REACTIONS OF SULFONES 


Physical Properties. The melting and boiling points of a number 
of sulfones have been listed in the tables dealing with their preparation. 
The low-molecular-weight alkyl sulfones are water-soluble, high-boil- 
ing substances of great stability. Ethy] sulfone ® dissolves in six times 
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its weight of water at 16° while n-butyl sulfone ™ is reported to be 
insoluble. Phenyl sulfone™ is slightly soluble in boiling water. 
p-Tolyl sulfone ® distils undecomposed at 405° which is typical of 
the stability of the aryl sulfones. 

The molecular refractions for a number of sulfones have been re- 
ported. The absorption spectra for methyl sulfone, bis-(8-chloro- 
ethyl) sulfone, phenyl methy! sulfone, benzyl, and pheny! sulfones * 
have been determined. Pheny] sulfone exists in two allotropic forms,” 
m.p. 124° and 128°. The optical constants of the crystals °* and also 
the heat capacity © from 100° to 320° K. have been measured. The 
originals should be consulted for the details of these investigations. 

Effect of Reducing Agents. Neither the alkyl 7 nor aryl ™ sulfones 
are affected by zine and dilute acid or by hydrogen iodide. Phenyl 
sulfone is also unaffected by heating to 250° with yellow phosphorus, 
and by distillation from zine dust.??. On the other hand, heating with 
sulfur gives a nearly quantitative yield of phenyl sulfide, a trace of 
phenyl] disulfide, and sulfur dioxide.** The reaction of sulfur with 
substituted aryl sulfones is, however, not clean-cut.”* The products 
obtained for a number of sulfones are shown below. 


(p-C1CyH 4) 2802 + S — SOg + p-CoHaCle + ? 

p-BrCoeH4SO2CeHs + S — SO2 + CoHsBr + unchanged sulfone 
p-ClCgH4SO2Ce6H4Br-p + S — SO2 + p-ClCgH4Br + p-CeHsBre + ? 
(p-BrCgH4)2802 + S — SO2 + p-CoH4Bre ; 
p-CHyCcHsSO2CoHaBr+8 —"""". H.O+H2S+HBr+“a red oil’ 
p-CHsCcH«SO2CcHsBr + § > SO2 + HBr + p-CcH «Bro 
(p-BrCgH4)2802 +S = complete decomposition 


Heating phenyl sulfone with selenium produces phenyl selenide.”? 
Metallic sodium in boiling xylene yields sodium benzenesulfinate and 
biphenyl. 


2(CoH 5)2802 + 2Na —> 2Ce6H s8O2Na + CeHsCeHs 


The yield of biphenyl was not high, however, considerable tarry 
material being formed. 
Heating phenyl methyl] sulfone with methylmagnesium iodide in 
boiling xylene brings about partial reduction to thiophenol.’* 
Treating bis-(a, 8-dichloroethyl) sulfone with phosphorus penta- 
chloride 7* produces first the dichloride, (CICH,CHCl)2SCle, which 
then loses hydrogen chloride to give a pentachlorosulfide. Passing 
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hydrogen sulfide into an acetic acid solution of bis-(a,8-dichlorocthy]) 
sulfone containing hydrogen bromide gives a good yield of the sul- 
fide.7® Although this procedure has apparently not been applied to 
unsubstituted sulfones there is no reason to believe that it will cause 
reduction. The presence of several chlorine atoms on adjacent carbons 
seems to activate the sulfone oxygens. 

Distilling sodium f-naphthalenesulfonate with sodium cyanide 7 
produces a little 8-naphthyl] sulfide as a by-product. It was suggested 
that this might arise from the reduction of the S-naphthyl sulfone 
present in the sodium f-naphthalenesulfonate. There seems to be no 
other evidence for this reaction. 

Cleavage Reactions of Sulfones. The effect of sodium and of a 
Grignard reagent on sulfones was mentioned in the preceding scction. 
A number of other reagents also bring about cleavage. Phenyl sulfone 
is converted to benzenesulfonic acid by warm sulfuric acid or oleum.”’ 
Dry chlorine reacts at 130° with formation of chlorobenzene and ben- 
zenesulfonyl chloride.7* In the presence of iodine nuclear substitution 
oecurs.7? Phosphorus pentachloride " effects cleavage with formation 
of chlorobenzene and benzenesulfonyl chloride at 160-170°. However, 
ethyl sulfone was reported to be unattacked by either chlorine ®° or 
phosphorus pentachloride.®* 7°? »-Bromopheny] methyl]! sulfone ®' with 
the latter reagent at 200-210° is converted into methyl chloride, 
p-chlorobromobenzene, and thionyl chloride. 

Phenyl methyl sulfone reacts with bromine at 250° giving methyl 
bromide, bromobenzene, and p-dibromobenzene.*? In the presence of 
ferric chloride nuclear substitution occurs. Ethyl sulfone reacts with 
iodine trichloride at 150° in a complex manner 7 to give a mixture 
of chlorine derivatives of ethane and of the sulfone, together with 
some sulfuryl chloride. 

Diethylzine ® has no effect on alkyl sulfones. This is also true for 
the Grignard reagent. 

Hot 20% sodium hydroxide decomposes p-nitrobenzyl alkyl sul- 
fones,** giving what is probably the dinitrostilbene. Other sulfones 
are unaffected by boiling dilute alkali. However, by heating with 
fused 90% potassium hydroxide at 200-235° the lower alky] sulfones 
yield an olefin and the potassium sulfinate. Thus ethyl sulfone at 200° 
gives ethylene and potassium ethanesulfinate; ethyl n-octyl sulfone 
yields exclusively ethylene and potassium octane-1-sulfinate while 
n-octyl sulfone does not react.*® mn-Butyl sulfone decomposes very 
slowly but when one of the alkyls contains less than four carbons de- 
composition proceeds fairly readily.** Phenyl @-phenylethy] sulfone 
gives a 76% yield of benzene and 86% of styrene while phenyl] sulfone 
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is converted into phenol,’? benzene, and biphenyl.** Traces of thio- 
phenol and pheny] disulfide were also noted. The products from some 
other sulfones ®? are listed in Table IX. 


TABLE IX 
SULFoNES AND Potassium HyproxipE aT 200° 
Sulfone Products 
(CeHsCHe) 2802 CeHsCHs, CeHsCH=-CHCeHs, K2S03 
CeHsCH.SO.CHs3 CeHsCH3, CeHs;CH=CHCeHs, CH2802K, K2SO3 
CeHsCH2802CeHs CeHsCH3, CeHsCH==CHCeoHs (48%), CeHe, CelI50H, 
K2S03 
p-CH3CeH.SO2CH3 CeHsCHs3 (25%), p-CHsCeH,OH (30%), p-CH3- 


CoH SOoK (18%), CHg (18%), CoHs (27%), He 


CeHsCHs (25%), | | re (45%), p-CHaCe- 
Ne 
C 
a He 


\ 
H SO2CeHiCHs-p H,OH (10%), CeHsCsHiCOOH (15%), CHsCoHa- 
SOK (20%) 


CellsCHs, (Celks)oCHCeHs, p-CHsCeH,OH, (C gH 12) 4, 
y, p-CHsCeH S02 


J™ 
CoH; SO2CeH«CHs-p 


Sodium ethoxide was found to be a more satisfactory reagent,®* than 
alkali for splitting various sulfones, even the higher alkyl compounds 
reacting. The procedure consisted of heating the sulfone with the 
sodium ethoxide containing a trace of alcohol to 200-235°. A number 
of sym-alky! sulfones including n-octyl give the olefin and sulfinate. 
From phenyl f-phenylethyl sulfone were obtained 91% of styrene 
(isolated as dibromide) and 72% of benzenesulfinic acid (as silver 
salt). With potassium hydroxide the sulfinate was not isolated, ben- 
zene being produced by further reactions. 


CeHsCH2eCH2802CeHs + NaOCoHs _ 
CoHsCH==CH2 + CoHsSO2Na + C2H;0H 


The mechanism of these reactions is believed by Ingold to consist in 
the removal of a beta hydrogen by the alkali, followed by splitting 
of the carbon-sulfur bond, the hydrogen being “incipiently ionized” 
through the influence of the polar sulfone group. 

Sodamide in piperidine has been found an excellent reagent for 
cleavage of most sulfones.°® Phenyl sulfone gives N-phenylpiperidine 
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and sodium benzenesulfinate. p-Tolyl methyl! sulfone likewise cleaves 
to give the N-arylpipcridine, but benzyl sulfone does not behave nor- 
mally. 

Directive and Activating Influence of the Sulfone Group in the 
Benzene Ring. It was first reported ** that bromination of methyl 
phenyl! sulfone in the presence of ferric chloride gave p-bromopheny] 
methyl sulfone but this conclusion has been shown * to be erroneous, 
bromination, nitration, and sulfonation yielding almost entirely meta 
derivatives, 

Styphnic acid (trinitroresorcinol) is a minor by-product from the 
nitration of phenyl methyl sulfone and also phenyl sulfone.®* Its 
formation was promoted by the presence of sulfuric acid in the nitra- 
tion mixture. In the nitration of several alkyl phenyl sulfones to 
obtain suitable derivatives for identification purposes,®? heating at 
100° with a mixture of concentrated sulfuric and nitric acids was a 
satisfactory procedure except for t-butyl and t-amyl phenyl! sulfones 
which decomposed violently under these conditions. However, at 50° 
substitution occurred normally even with these compounds. 

Nitration of a series of phenyl alkyl sulfones ** was found to give 
a decreasing percentage of the meta isomer as the alkyl group in- 
creased in size. Analyses were made by reduction and quantitative 
bromination of the mixture of amines. 


TABLE X 


NrrraTion oF ALKYL PHENYL SULFONES 


Alkyl Meta Isomer, % 
CHs 98 
CoHs 96 
n-C3H 7 93 
iso-C3H7 80 
n-Cally 86 


Nitration of methyl benzyl sulfone ** gives 42% para, 30% meta, 
and 28% ortho isomers. m-Nitropheny] benzyl sulfone substitutes in 
a similar manner.** The one sulfone group on the side-chain carbon 
has about the same effect as two chlorines. 

Nitration of pheny] sulfone yields the 3,3’-dinitro compound,’ m.p. 
197°. The dinitration of other aryl sulfones has been found to be a 
suitable means for their identification.°* Substitution was assumed to 
occur in meta positions, one group in each ring. 

As might be anticipated, nitration of bis-(4-chloropheny]) sulfone 
gives first °°* 4-chloro-3-nitrophenyl 4-chlorophenyl sulfone and 
then ®® the bis-(4-chloro-3-nitrophenyl) sulfone. Nitration of 4-chlo- 
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ropheny! 4-bromophenyl] sulfone °° gives 34% of the 3-nitro-4-chloro 
and 6656 of the 3-nitro-4-bromo compound. 

Phenyl! p-tolyl sulfone +** has been dinitrated and trinitrated; in 
the latter reaction two nitro groups are introduced ortho to the methyl. 
Mesityl sulfone 1°” has been dinitrated, one group entering cach ben- 
zene nucleus. 

The action of chlorosulfoniec acid upon phenyl methyl,®! phenyl] 
ethyl,1°? and p-chloropheny! ethyl sulfone 1° gives the corresponding 
m-sulfonyl chloride. The structure was satisfactorily established for 
the methyl compound. Phenyl 3-chloro-4-nitrophenyl sulfone has 
been converted into a sulfonic acid 1° by the action of oleum. 

Because of the strongly meta-directing influence of the sulfone 
group it would be expected to activate a halogen atom located ortho 
or para to it in the benzene ring. The effect is not as great, however, 
as that of the nitro group? when alcoholic sodium ethoxide is the 
halogen-removing agent. Data are given in Table XI. 


TABLE XI 
ActrvaTING INFLUENCES OF NITRO AND SULFONE GROUPS 
% Cl Removed 


Compound Thr. 4 hrs. 
o-CICgHaNOe 24.7 36.5 
m-C]CsH4NOz 0.49 ..... 
m-Cl CeH4SO.2CH3 0.06 3 ..... 
p-CiCeH4NOz 26.2 41.7 
p-CiCgHaSO2CH3 1.34 3.8 


Loudon and co-workers?* have investigated the reactions of aro- 
matic halogen when both nitro and sulfone groups are attached to the 
benzene ring. In compounds with the formula 2,4-Cl (NOQ2)CgH3SOoAr 
the nature of the Ar had little effect upon the reactions. In general, 
the mobility of the halogen was largely determined by the nitro group 
although the sulfone linkage had some influence. These results are in 
accord with the results shown in Table XI. 

The activity of the bromine in some p-bromopheny! alkyl sul- 
fones 1°* toward hydrazine in absolute alcohol at 120° (sealed tube) 
or less has been utilized in the preparation of a series of p-alkylsul- 
fonylphenylhydrazines. The compounds prepared in this manner are 
listed in Table XII. 

The only compounds which did not react with hydrazine were the 
disulfones, 1,2-di-(p-bromophenylsulfonyl)}-ethane and 1,5-di-(p-bro- 
mophenylsulfonyl)-pentane. 
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TABLE XII 
RSO- or p-RSOoCsHsANHNH2 M.P. oF Sutrone, °C. 

CH380-- 1385-136 
CeH,SO-- 112-113 
n-C3H 7S0o- 104-105 
iso-C3H7SO-- 110-111 
n-CaH9S0-- 1389-140 
iso-CyH SO 127-128 
iso-C 5H 1)802- 143 
n-Cell 13°SO2- 125-126 
CgHsCH2SO~ ? 
CoHs(CH2)2502- 144-145 
CeHsSOo- 202-203 


Extensive use has been made of the reaction between halogenated 
aryl sulfones and ammonia and amines in making amino sulfones. 
These reactions are described in the section on “Amino Sulfones.” 

It was found by Holt and Reid? that p-bromophenyl methyl sul- 
fone gave no reaction toward magnesium. Apparently no Grignard 
reagent containing a sulfone group has been prepared. 

A number of nitroary] sulfones containing one or more methyls 
ortho or para to the nitro groups condense readily with aldehydes and 
with p-nitrosodimcthylaniline 1°* in the presence of a trace of piperi- 


4,3-CH3(NO2)CgH3sSO02CoHs + CeHsCHO — 
4,3-CgHsCH=CH(NO2)CeH3S02C6Hs + H20 


dine. Although the sulfone group seems to facilitate this condensation, 
the reaction does not proceed in the absence of a nitro group, even if 
two sulfone groups are attached to the aromatic nucleus. 

Activation of Adjacent Methylene Hydrogens by the Sulfone Group. 
Most of the investigations on the activating influence of a sulfone 
group on the hydrogens attached to an adjacent carbon have dealt 
with keto sulfones, alkyl or arylsulfonyl acids, and their derivatives, 
or disulfones, which are all discussed in later sections. The behavior 
of aryl benzyl sulfones and benzyl] sulfones is outlined here. 

Phenyl benzyl sulfone is slightly soluble in dilute alkali whereas 
benzyl sulfone does not dissolve at all.t°* Sodium metal liberates hy- 
drogen very slowly, ferric chloride gives no appreciable color, and at- 
tempts at alkylation with sodium ethoxide in alcohol give negative 
results. p-Tolyl benzyl sulfone 1% does not give the mercuric chlo- 
ride test for enolic substances, does not condense with benzaldehyde 
or isoamy] nitrite, and is not oxidized by selenium dioxide. However, 
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the Michael condensation with benzalacetophenone does take place to 
give two stereoisomeric products. 


p-C7H7SO2CH2CeHs + CeHsCH=CIICOCeHs —> 
p-C7H7SO2CH (CeHs)CH (CeHs) CH2COCeH 5 


It was reported earlier 1°%* that benzyl sulfone condenses with formal- 
dehyde in the presence of sodium hydroxide to give an inert compound 
of unknown structure. 


(CeHsCH2)2802 + 2HCHO — Ci¢HisSO3 + H20 


It is stable toward a boiling hydrochloric acid-acetic acid mixture and 
toward potassium permanganate. It does not react with an acyl 
halide. It is unchanged by boiling with nitric acid or fusion with 
sodium hydroxide. Reduction with hydrogen iodide and phosphorus 
at 160° gives a mixture of hydrocarbons. Bromine has no reaction in 
chloroform but with pure bromine a mixture of bromo compounds re- 
sults. One of these has the composition CigH14SOs;Br2. It was found 
upon further investigation that p-tolyl benzyl sulfone likewise con- 
denses with formaldehyde to give an unreactive product. Phenyl 
benzyl sulfone is less reactive. 

The introduction of nitro groups into the benzyl part of the mole- 
cule enhances the activity of the methylene hydrogens to some cx- 
tent.1°° The o- and p-nitrobenzyl p-tolyl sulfones give colored salts 
with sodium ethoxide in alcohol and these react readily with bromine. 
The m-nitrobenzyl compound does not brominate under these condi- 


p-C7H7S02CH NaCgH4NOe2+Bre —_ p-C;H 7S02CHBrCgH,NO2 +NaBr 


tions. The report ??° that p-nitrophenyl benzyl sulfone can be al- 
kylated with methyl iodide and alcoholic alkali to a dimethy] deriva- 
tive has not been verified. +1! 2,4-Dinitrobenzyl p-tolyl sulfone is 
much more acidic than the other benzyl compounds.!°%* The potas- 
sium salt was isolated and alkylation with methyl iodide occurred 
readily. 

Reactions of a-Haloalkyl Sulfones. A halogen atom in the alpha 
position to a sulfone group shows a number of interesting properties. 
In general, double decomposition reactions occur with difficulty while 
replacement of the halogen by hydrogen takes place more readily than 
it does for alkyl halides. 

It has already been mentioned (see p. 667) that halomethy! ary] sul- 
fones are reduced by sodium benzenesulfinate to the methyl phenyl 
sulfone. Removal of the halogen is more readily effected by zinc and 
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sulfuric acid ** in aleohol. Sodium amalgam converts chloromethy] 
phenyl sulfone to sodium benzenesulfinate and an unidentified gas. 
Sodium in an anhydrous solvent. has no effect. Bromomethy] sul- 
fones,*” BrCH2SOeR, and iodomethyl pheny] sulfone?" are reduced 
to the methy! sulfones by heating with sodium ethoxide but «-brorno- 
ethyl and a-chloroethyl phenyl sulfones are more inert toward this 
reagent. Refluxing dichloromethy! phenyl sulfone with alcoholic so- 
dium ethoxide for eight days gives chloromethyl phenyl] sulfone and 
sodium benzenesulfonate.*#8 

Bromomethy] sulfones ** are also reduced to the methyl] compounds 
by phenylmagnesium bromide, and by p-thiocreso! and 1-butanethiol 
in alkaline solution but not by hydrazine or hydriodic acid. Curi- 
ously enough, pyridine effects a sort of Wurtz reaction although the 
yield of disulfone obtained was small. Tetrahydroquinoline and di- 


2RSO2CH2Br — (RSO2CH2)2 [+ 2Br] 


methylamine brought about no change. 

Heating chloromethy] phenyl sulfone +#* with silver oxide in alcohol 
to 140° has no effect and the bromomethy! alkyl and ary] sulfones ** 
are unaffected by alcoholic silver nitrate, sodium acetate, or sodium 
eyanide. This behavior is similar to but more extreme than that of 
a-haloalkyl ketones. 

Warming dibromomethyl phenyl sulfone with excess bromine and 
alkali gives tribromomethy] pheny!] sulfone #*#* but no bromoform, the 
similarity in the effects of keto and sulfone groups not extending to 
this reaction. 

a-Bromoethy] ethyl sulfone*'*® behaves the same as the bromo- 
methy] sulfones toward silver nitrate, hydrazine, and iodide ion. By 
heating with 2 N potassium hydroxide at 90-100° it is converted rap- 
idly into cts-2-butene in 85% yield. 


CH3CHBrSO2C2Hs + 3KOH — CsHg + K2SO3 + KBr + 2H20 


B-Haloalkyl Sulfones. Unlike an a-halogen atom, one in the B-po- 
sition to a sulfone group reacts but little differently than one in an 
alkyl halide. Bis-(@-chloroethyl} sulfone is somewhat less active 
toward potassium phthalimide and similar reagents than are the cor- 
responding sulfide and sulfoxide.*#® Alkali converts it into the cyclic 
ether and alcoholic sodium hydroxide gives the diethoxy compound."*¢ 
B-Bromoethyl ethyl sulfone **® and silver nitrate solution gradually 
give silver bromide. The reaction is much faster in slightly alkaline 
solution than in the presence of nitric acid. The reaction with 0.25 V 
potassium hydroxide is rapid even at room temperature giving vinyl 
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ethyl sulfone. The preparation of vinyl sulfones is described in more 
detail in the section on unsaturated sulfones. 

8-Chloroethyl phenyl sulfone is unchanged by heating to 150° with 
water in a sealed tube and is not reduced by zine and hydrochloric 
acid but silver oxide in benzene converts it to the ether, sodium ben- 
zenesulfinate gives the disulfone, and ammonia and sodium hydrosul- 
fide react normally.*? 


2CeHsSO2CH2CH2Cl+2NH3 — (CeHsSO2CH2CH2)2NHeCl-+NH.4Cl 
2CeHsSO2CH2CH2Cl+2KSH — (CeHsSO2CH2CHe2)28+H2S+2KCl 


The effect of substituents in the benzene ring upon the rate at which 
aryl -chloroethy] sulfones react with an iodide has been studied 
quantitatively.11® 

Various 8-halopropyl and £,y-dihalopropy! aryl sulfones have been 
obtained from allyl sulfones (see p. 728) but the chemical properties 
of these compounds have not been studied except to note that they 
can be hydrolyzed to the corresponding alcohols.*?® 

110° 


CeHsSO2CH2CHBrCH?2Br + 2H20 ——> 
CeHsSO2zCH2CHOHCH20H -+ 2HBr 


With alcoholic potassium hydroxide, however, the reaction takes a 
different course,!!® yielding ethynylearbinol and potassium benzene- 
sulfinate. 


CeHsSO2zCH2CHBrCHe2Br — CeHsSO2CH2C==CH — 
CeHsSO2Na -+- HC=CCH20H 


Because of the intense interest in the properties responsible for the 
toxic action of bis-(8-choloroethyl) sulfide the corresponding sulfone 
and other compounds with the general formula CICH2,CH2SO2R have 
been much investigated with regard to their physiological effects. A 
2% aqueous solution of bis-(8-chloroethyl) sulfone is non-toxic cuta- 
neously 42° but is toxic when injected intracutaneously in water or 
alcohol solution. It was considered possible that the effect of the 
sulfide may result from its oxidation to the sulfone. The hemolysis of 
red blood cells by bis-(8-chloroethyl) sulfone is apparently caused 
by liberation of hydrogen chloride, at least in vitro}** as it is re- 
duced by the addition of a buffer. For the results of other investiga- 
tions !*? the original reports should be consulted. 

Miscellaneous Properties and Reactions of Sulfones. Hinsberg +** 
has reported some exceptionally interesting investigations dealing with 
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the preparation of sulfides and sulfones that are isomeric with the 
compounds hitherto known. Thus 70% perchloric acid reacts with 
phenyl sulfide to give a perchlorate believed to have the formula 
CoH;8 (OC1O3;)==C (CH=CH)2CH». The sulfide from this with hy- 
drogen peroxide yields a sulfone, (CgHs)2SO2°0.5H20, which melts 
at 81° and is referred to as B-phenyl sulfone. Basic 8-diphenylsul- 
fonium perchlorate is oxidized to a compound Cy4H270,ClS2 which 
with potassium hydroxide gives both the normal phenyl sulfide and 
the B-phenyl sulfone. The f-sulfide gives a blue color with sulfuric 
acid similar to that shown by thianthrene. Heating the @-pheny] sul- 
fone with perchloric acid (70%) converts it into Cy2H1003;S-H.O 
which Hinsberg believes is a trioxide of the sulfide. It is not reduced 
by zine and hydrochloric acid. n-Butyl sulfide and benzy] sulfide 
likewise undergo little-understood changes with perchloric acid, the 
resulting sulfides and sulfones having uncertain structures. 

The oxidation of the sulfone obtained from m-diphenylbenzene and 
benzenesulfony] chloride?** gives p-phenylsulfonylbenzoic acid, indi- 
cating that the rings attached to the sulfone group are more stable 
than the others. 

The analytical determination of sulfur in sulfones by oxidation in a 
stream of oxygen in the presence of sodium carbonate is facilitated by 
cobalt oxide.’ The sulfur was determined as barium sulfate as usual. 

Several sulfones have been suggested as useful for various purposes. 
Bis- (2,4,6-trinitrophenyl) sulfone ?#¢ has been suggested for use as an 
explosive. It passed the stability tests satisfactorily. 8-Alkylsul- 
fonylethanesulfonates,?*7 RSOszCH2zCH.SO;Na, have been suggested 
for use as detergents and wetting agents. 

As might be expected from their chemical inertness sulfones do not 
exert a catalytic effect in the oxidation of furfural by oxygen.?** 
Butyl sulfone gives a negative result on the copper strip in corrosion 
tests of gasoline.**® The fate of sulfones in a naphtha solution when 
treated with various refining agents has been studied.'*° 


HYDROXY SULFONES 


a-Hydroxyalkyl Aryl Sulfones. p-Toluenesulfinic acid has been 
observed to form unstable addition products with both aliphatic and 
aromatic aldehydes.*** 


CH3CsH48O2H + HCHO — CH3CeH48SO2CH20H 


These are analogous to bisulfite addition products of aldehydes, and 
are probably hydroxysulfones. Ketones do not form addition com- 
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pounds of this type. The hydroxysulfones which have been character- 
ized are listed below. The derivatives from aromatic aldehydes are 


TABLE XIII 

a-HYDROXYSULFONE M.P., °C. 
p-CH3;CsH«SO2.CH,OH 90 
p-CH3CsHsSO2CHOHCHs3 52-72 (decomp.) 
p-CH3CsH«SO,CHOHCH (CHa) Decomp. in air 
p-CH;CsH,SO2,CHOH(CII2)sCH3 Decomp. in air 
p-CH3CsH SO2.CHONCeHiNOz-m 110 
p-CH3CesHSO2CHOHCsHaNOz-p 116 


more stable than the others. Cinnamic aldehyde adds p-toluenesulfinic 
acid first at the double bond, finally giving a disulfone which, how- 
ever, was too unstable to be obtained in an entirely pure condition. 


CsHsCH=CHCHO + 2CH3CsH4SO2H — 
CeHsCH (SO2Ce6eH4CH3) CH2CHOHSO2CsH4CHs 


Hydroxymethy! p-tolyl sulfone is decomposed by heat or alkali to 
give formaldehyde and the sulfinate. Ammonia and aniline react to 
replace the hydroxyl group. The hydroxy-sulfones derived from aro- 


p-CH3CeH4SO2CH20H + CeHsNH2 — 
p-CH3CoH4SO2CH2NHCeHs + H20 


matic aldehydes are decomposed by these reagents. Acetic anhydride 
acetylates hydroxymethyl p-tolyl sulfone while «-hydroxy-m-nitroben- 
zyl p-toly! sulfone is cleaved to give m-nitrobenzaldehyde diacetate. 

B- and y-Hydroxyalkyl Aryl Sulfones. @-Hydroxyethyl phenyl 
sulfone and several analogs have been prepared by hydrolysis of 
y-disulfones with dilute alkali. The ether of the alcohol results as a 
by-product in this reaction, the amount formed increasing with an in- 
crease in the concentration of the alkali? «,8-Diphenylsulfonylpro- 
pane hydrolyzes at the primary carbon.8* This is somewhat surpris- 
ing in view of the finding that a secondary alkyl sulfone hydrolyzes 
more readily than a primary one.1* 


CeHsSO2CH2CH (SO2CeH5)CH3 + NaOH — 
CeHsSO2Na + CH2OHCH (SO2CeH5)CH3 


In Table XIV are listed the alcohols obtained from y-disulfones. 
An alternative method of synthesis is by the action of ethylene 
chlorohydrin upon a sulfinate.1%* 2-Nitrophenyl @-hydroxyethy] sul- 
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TABLE XIV 

SULFONE _ MOP, °C. 
CeHsSO2CH2CH,OH Syrup 
o-CH3Cgl 1,8O,CH 2CH,OH Syrup 
p-CH3C.sH4SO02CII,CH2OII 54-55 
o-CH;0C,H,SO.CH,CH.OII 82 
p-ClCgH,SO2CH2CH,0OH Oil Gmpure) 
p-BrCsH.SO2,CH,CH,0OH 50-52 
m-O2NCeH,SO2CH2CH,OII 78.5 
2,5-(CH3)2CgsH3SO2CH:-CH,OH Oil 
CsH;SO,CH(CH3)CH,OH 46 
a-C\9H7SO2CH2CH,0OH Colorless oil 
B-CyH7SO,.CH,CH,OH 88-90 


fone has been prepared by oxidation of the sulfoxide acetate with 
hydrogen peroxide followed by hydrolysis.1* A similar procedure has 
been applied to the synthesis of l-anthraquinonyl 8-hydroxyethy! 


2-NOsCcH«SOCH»CH.OOCCH3; = 


2-NOoCsH4SO2CH»CH200CCH; 2°", 2 NOsCeH«SO2CH2CH20H 


sulfone.3?_ The benzoate of B-hydroxyethyl benzyl sulfide #** is oxi- 
dized to the sulfone by permanganate. This with sodium ethoxide 
yields the ether which can in turn be hydrolyzed. 

C2HsONa 

ees 


CeHsCOOCH CH 2802CH oCeH 5 


C2Hs0CH2CH2S02CH2CeHs ~~» HOCH2CH2802CH2CcHs 
Bis-(tetraacetylglucosyl)~-1,1-sulfone, the corresponding galactosy! de- 
rivative, and also a 6,6-sulfone derived from glucose have been pre- 
pared by oxidation of the corresponding sulfides with permanganate 
in acetic acid.2*® It is not necessary that the hydroxyl! group or groups 
be acylated during oxidation with hydrogen peroxide as 2-carboxy- 
phenyl 8-hydroxyethy] sulfone and dodecyl 8-hydroxyethyl sulfone **° 
are readily prepared from the sulfides in acetic acid solution. 

B-Hydroxyethyl phenyl sulfone is only slightly soluble in water 
but is much more so in dilute alkali. This suggests acid properties 
which are not accounted for by the structure, and further investiga- 
tion is needed to explain this behavior. Zine and alcoholic hydrogen 
chloride have no effect but sodium amalgam gives ethy! aleohol and 
benzenesulfinic acid. By the action of phosphorus trichloride, phos- 
phorus pentoxide, or hot sulfurie acid, the ether is formed **? whereas 
with phosphorus pentachloride or hydrochloric acid at 150° the chlo- 
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ride is produced. The phosphorus pentachloride reaction has been 
utilized in converting a number of hydroxyethyl aryl sulfones into 
their chlorides.1%°")} Hydriodic acid at 160° gives the corresponding 
iodide and at ordinary temperatures sulfuric acid gives the acid sul- 
fate. Esters of the general formula RSO2.CH2CH.2OSO;Na where R 
is an alkyl group having more than six carbon atoms are claimed 1** 
to have emulsifying and svaplike qualities. Strong aqueous ammonia 
at 120° in a scaled tube with phenyl 6-hydroxyethyl sulfone yields 
the sccondary amine. Phenylsulfonylacetic acid has been obtained 


2CceH;SO2CH»CH2OH + NH3 — (CoHsSO2CH2CH2)2NH + 2H20 
by oxidation.?# 
CoHs80.CH.CH,OH —2), CeH;S0.CH.COOH + H.0 


y-Hydroxyalkyl sulfones have been little studied. y-Ethoxypropy] 
benzyl sulfone +** has been prepared by oxidation of the sulfide. 

Hydroxyaryl Alkyl Sulfones. In the only satisfactory method so 
far described for the preparation of hydroxyaryl alkyl sulfones a 
methoxybenzenesulfinic acid is alkylated to the sulfone ** and this 
is demethylated by heating with hydrobromic acid.1*¢ 


OCH; OCH3 


Pr" (p- XS nan 


The o-hydroxyphenyl methyl sulfone described by Holt and Reid 147 
as melting above 220° was obtained from the corresponding amine by 
diazotization and hydrolysis. Although it gave a correct analysis for 
sulfur crystallization was not possible. The o-hydroxyphenyl methyl] 
sulfone prepared by demethylation was isolated as the hydrate, m.p. 
87.5°, and the anhydrous form melted even lower.‘** Several other 
hydroxyaryl methyl sulfones were isolated as hydrates but these were 
not limited to the ortho isomers. Data on the boiling points and solu- 
bilities for the isomeric hydroxysulfones would be of interest because 
of the possible effect on these properties of having hydroxyl and 
methylsulfony] groups in positions allowing hydrogen bond formation. 

In the naphthalene series a 2-hydroxynaphthyl methy] sulfone has 
been prepared from the sulfide by oxidation and also by methylation 
of sodium 2-naphthol-6-sulfinate.*® Various derivatives of this sul- 
fone were also prepared. 
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Hydroxyaryl Sulfones and Their Ethers. Hydroxypheny] ary] sul- 
fones may be obtained by heating aluminum chloride with phenol at 
temperatures below 100° and then heating the product with a sulfonyl 
chloride *#® at 130°. 

CcH50H ~“"s CoHsOAICle EE, oO HOCSISO2C7H7-p 
An alternative procedure, analogous to the Fries reaction, is to heat 
an aryl sulfonate with aluminum chloride to 150° either in the absence 
of a solvent, in nitrobenzene,’ or in carbon disulfide solution ™ at 
the boiling point. Heating p-tolyl benzenesulfonate with hydrogen 
fluoride # also brings about rearrangement although the yield of hy- 
droxy sulfone is only 10% 

An unusual application of the Friedel-Crafts method is the reaction 
of carbethoxy-p-cresolsulfony] chloride with methyl p-tolyl ether.14¢ 
The carbethoxy group is lost during the reaction, but the methoxyl 
remains intact. A number of methoxyaryl phenyl sulfones have been 


OCO2C2H5 OCH3 OCHs 


On 10 <* U eH (64 


Hs CH3 


made by condensing the sulfonyl chlorides with benzene.’*® Demeth- 
ylation with hydrobromic acid gives the hydroxy compounds. 

Numerous o-hydroxyary!] sulfones have been prepared by condens- 
ing an arylsulfur chloride with a para-substituted phenol} and 
oxidizing the sulfide with hydrogen peroxide. It is of interest that 
the sulfur can be oxidized without. destroying the phenol nucleus. 


NO» OH NOs OH  NOz OH 

” 0 ( al ) ( at ) 
+ —> — 

X X X 


Passing toluene vapor through p-phenolsulfonic acid at 150-160° 
for 20 hours gives a mixture of the two sym-aryl sulfones rather than 
p-hydroxyphenyl p-tolyl sulfone.®® 

Heating a phenol with a limited amount of sulfuric acid or oleum 
at a high temperature gives fair yields of the sym-sulfones. Thus 
heating o-cresol **¢ with one-half its weight of 8% oleum at 160-180° 
for 3 to 4 hours gives a 66% yield of the para sulfone. An equivalent 
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OH OH 
CH3 Hs 
2 + H2S80,4 ze SO. + 2H20 
2 


procedure is to heat a phenol with a phenolsulfonic acid.15°* Another 


CeHsOF + HOCsH4«SO3H — (HOCsH4)2802 + H20 


patent °° claims sulfone formation occurs when a crude sulfonation 
mixture is heated with phenol. p-Cresol '** gives less than 10% of 
the sulfone when heated with oleum.?*** Sulfones have also been 
prepared from m-cresol,?®> p-xylenol,}** 2,4-dimethylphenol,!*? and 
3,4-dimethy]phenol.1*" 

By heating a mixture of two phenols with sulfuric acid a mixture 
of sulfones results which includes the unsymmetrical compound. This 
procedure has been used with phenol-p-cresol 1** and phenol-o-cresol 
mixtures.15* 3-Methoxy-2-naphthyl 2,4-dinitrophenyl sulfone 2” has 
been prepared from the methoxynaphthalenesulfinic acid and 2,4-di- 
nitrochlorobenzene. 

The condensation of a sulfinic acid with a quinone yields the dihy- 
droxyary] sulfone.? 


O O 
I O I 
C p C OH 
O2H Oz 
+(]- 
C | C OH 
| O | 
O O 
O 
| OH 
SO2CeHs 
CeglsSOeH + — 
II OH 
O 


The reaction also occurs between o-naphthoquinone and 8-naphtha- 
lenesulfinie acid so may be regarded as general. The formation of 
2,5-dihydroxyphenyl p-tolyl sulfone from p-toluenesulfonhydrazide 
and quinone ‘® probably involves a preliminary conversion of the sul- 
fonhydrazide to the sulfinic acid. 
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The sodium salt of o-hydroxyphenyl phenyl] sulfone 1** is soluble in 
cold chloroform and melts at 290-293°. Apparently it is non-ionic 
in structure. The free hydroxy compound forms a hydrate. 

Certain o-hydroxyary] sulfones undergo reactions involving both the 
hydroxyl and sulfone groups. It was first noted by Hinsberg ?* that 
oxidation of bis-1-(2-hydroxynaphthyl) sulfone with potassium fer- 
ricyanide produces a dchydrosulfone. Upon reduction with sodium 
sulfide this gives a compound isomeric with the original sulfone. This 
‘“sosulfone”’ of Hinsberg was subsequently shown by Warren and 
Smiles ?* to be a sulfinic acid, its formation being explained as follows. 


SO2 SO2 
Xe ae 
OH see KyFe(CN), eeu NaS 
poke lacie — 
SOoH 


OF WL 


The reactions offered in proof of the structure of the sulfinic acid are 
formulated below. 


fe SO2H STI 6 
—— 
CH;COOH 
X< _..¢. SH 
NaOH | (CH,y)280, oe Zn+HCl OH 
a 
ul 
SOesCH3 O SCH3 


Later *°*7 it was found that alkali at 150° converts the naphthyl] 
sulfone into the sulfinie acid without going through the intermediate 
dehydrosulfone. Under these conditions the sulfinic acid cannot be 
isolated, however, as it loses sulfur dioxide in hot alkali. Bis-1-(2- 
hydroxy-6-bromonaphthyl) sulfone reacts analogously. 
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SOe 
OH HO, 
+ 2NaOH — 
B Br 
(oe 
HO 
+ NaeSO3 + HeO 
B r 


If one of the hydroxyl groups is methylated alkali brings about ring 
closure to a naphthoxthin. 


ao 
eS 


OH  H3C NaOH 


S 
ye 


+ CH30H 


These results led to an investigation of the behavior of a varicty 
of hydroxy sulfones toward alkali. It was discovered that bis-(4- 
methyl-2-hydroxyphenyl) sulfone does not rearrange even when 
heated to 250° with alkali but when a nitro group is ortho to the sul- 
fone linkage in one ring reaction occurs readily even at room tempera- 
ture.*24 The structure of the resulting sulfinic acid was determined 


H3C SO2CeHsNOv2-0 15° aC SO2Na 
+ NaOH —> + H20 
OH OCsH4sNOve-o 


by the reactions formulated below. The 4-tolyl 2-nitrophenyl ether 
H3 SO2Na oxid. H3 SO3Na HO HsC 
Sarr a? 
OCeHsNO2 OCsH4NO: **4 OCcH4NO2 


was synthesized from o-chloronitrobenzene and p-cresol. 
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Rearrangements similar to the foregoing occur with a variety of 
compounds, including 2-nitrophenyl 2-hydroxy-l-naphthyl sulfone, 
4-nitrophenyl 5-methyl-2-hydroxyphenyl sulfone,°?”7 p-methylsulfo- 
nylphenyl 2-hydroxy-1-naphthy] sulfone,*?¢ and 2-hydroxy-5-methyl- 
pheny! 1-anthraquinony] sulfone.25** The relative rates of rearrange- 
ment at 50° for a series of nitroary] sulfones 5*® are shown in Table 
XV. The reactions were carricd out in 0.066 N sodium hydroxide, 


TABLE XV 
REARRANGEMENT OF SULFONES aT 50° 
Aryl Group of oNitrophenyi Rearrangement Time, 
Aryl Sulfone Minutes 
2-Hydroxy-5-methylphenyl 315 
2-Hydroxy-3,5-dimethylphenyl 93 
2-Hydroxy-1-naphthyl 5 
2,5-Dihydroxyphenyl 125 
2-Hydroxy-5-methoxyphenyl 360 
2,4-Dihydroxyphenyl 420 


1.25 moles of alkali being used to each mole of sulfone. The reaction 
rate was determined by the color change occurring in the solutions. 
With the nitro group in the meta position no reaction occurs. An 
ortho carboxy group also is without effect. With a chlorine para to 
the nitro group a phenoxthin derivative is the final product. With 
nitro groups both ortho and para, rapid hydrolysis ensues. If the 


SO2 
H3 OoNa NO sky Hs e, 
+ NaNOg 
Cl Me Cl 
a : 


hydroxyl is para instead of ortho to the sulfone group hydrolysis like- 


Hg SO2CeH3(NO2)2-2,4 
+ NaOH — 


OH 
Hz SO2Na 
+ (O2N)2CeH30H 


wise is the main reaction.*®9 With the hydroxy] in an aliphatic side 
chain, rearrangement occurs very rapidly. Finally, the sulfone and 
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NOz NOz 


SO2CH2CH20H + NaOH OCH2CH2SO2Na 
-> + H20 


hydroxyl groups may be in different molecules showing that the rear- 
rangements are actually special cases of a general reaction charac- 
teristic of o-nitroaryl sulfones. It may be predicted that o-nitroary] 
sulfones will be found to react with most of the reagents that are 


CeHsSO2CeH4NO2-0 + p-CH3sCeH,OK — 
CsHsSO2K + o-O2NCgHs40OCeHsCHs-p 


capable of displacing the halogen of an o-halonitrobenzene. o-Nitro- 
pheny!] pheny! sulfone is known to hydrolyze readily with alcoholic 
sodium hydroxide. 

Coats and Gibson !* have found that the rearrangement of hydroxy 
sulfones to sulfinic acids is reversible, the extent of the reverse reac- 
tion depending upon the alkalinity of the solution. The optimum pH 
for sulfone formation varies from one sulfinic acid to another. Some 
of the acids rearrange when recrystallized from acetone. However, 
f-o-nitrophenoxyethanesulfinic acid showed no tendency to revert to 
the sulfone. For the other compounds, substituents that facilitate sul- 
finic acid formation from the hydroxy sulfones also assist the reverse 
reaction. 

Hinsberg has reported *** that certain dihydroxynaphthyl sulfones 
upon heating go to quinone sulfoxides. In view of the unusual diffi- 
culty encountered in attempts to reduce the sulfone group this inter- 


O 
OH | 
SO2C10H7-@ yr50 SOCicH7-a 
=—> + H20 
H I 
O 


pretation of the reaction seems open to question. 

In a study of the alkylation of bis-(4-hydroxyphenyl) sulfone ® it 
was found that ether formation occurred more slowly than it does 
for the bis-(4-hydroxyphenyl)-methane. This was believed to be 
due to the higher acidity of the sulfone. A detailed comparison of 
the rates at which alkoxy sulfones, (p-ROCgH,4)2SO2, and ketones, 
(ROCg,H,) 2CO, undergo halogenation *** showed that the ketones sub- 
stituted about forty times as rapidly as the sulfones. In other words 
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the sulfone group greatly inactivates a meta hydrogen atom, which is 
in accord with the behavior of other strongly meta-directing groups. 

There has been considerable interest in bis-(p-hydroxypheny]!) sul- 
fone as a starting material for the preparation of tanning agents and 
resinous substances. Products obtained from the sulfone and glycollic 
acid,’** formaldehyde,’ formaldehyde and sodium sulfite,17° urea and 
formaldehyde,1! and ligninsulfonic acid and formaldehyde,?? have 
been described in the patent literature. In addition, condensation of 
the product obtained from crude tolylsulfones and phenolsulfonic acids 
with formaldehyde 17 and of bis-(hydroxyaryl) sulfone sulfonic acids 
with formaldehyde are claimed to produce tanning agents. 


AMINO SULFONES 


a-Aminoalkyl Sulfones. The only «-aminoalky] sulfones on record 
are those resulting from the reaction of hydroxymethyl phenyl] sul- 
fone with ammonia and aniline.*** Attempts to obtain an amino- 
methyl sulfone by hydrolysis of the phthalimido compound led to 
complete decomposition; '’* formaldehyde was the only product 


isolated. 
B- and y-Aminoalkyl Sulfones. If the reaction is carried out in acid 


solution a B-aminoalky] alkyl sulfide can be oxidized to the sulfone 
with permanganate? without affecting the amino group. Methy!] 
B-aminoethyl sulfone, the ethyl homolog, methyl y-aminopropy] sul- 
fone,!7® methyl 6-aminobuty] sulfone 17° and a-amino-8-methylsulfony]- 
propane '77 have been prepared in this manner. Two of these sulfones 
have also been obtained from hydrolysis of the naturally occurring 
mustard oils: y-methylsulfonylpropy] isothiocyanate (cheiroline) 17° 
and 6-methylsulfonylbuty] isothiocyanate (erysoline) .17¢ 

Several bis-(@-alkylaminoethyl) sulfones have been prepared by 
the action of an amine upon bis-(8-chloroethyl) sulfone.17® The re- 
action is surprisingly vigorous; mixing the reactants in alcohol solu- 
tion in the presence of sodium carbonate causes the solution to boil 
within 2 minutes. The sulfide and sulfoxide halogens do not show 
this behavior. 

B-Aminoethy] and y-aminopropy! pheny] sulfones have been synthe- 
sized by reactions of the Gabriel type.'*° The yields are good. The 
preparation of bis-(8-aminoethyl) sulfone and bis-(y-aminopropy]) 


CsH4(CO)2NCH2CH2Br “= *O™*, 
CoH,(CO)2NCH2CH2802CsHs —<-—> H2NCH2CH2802CcHs 


CH,COOH 
sulfone 18° have been accomplished by a variation of this procedure. 
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[CeHa(CO)2NCH2CHo}oS 22% [CeHa(CO)2NCH2CH2]2802 => 


[o-CsHu(COOK)CONHCH2CH2]2802 ——> (HeNCH2CH2)2802 


Secondary amines always result through the action of 8-chloroethyl 
aryl sulfones with ammonia."*? 8-Hydroxyethyl methyl sulfone 2* 
gives a mixture of amines. 


CH3SO02CH2CH,OH ~“*; 
CH3802CH2CH2NH» + (CHsSO2CH2CH2)2NH + H20 


The preparation of various B-diethylaminoethyl aryl sulfones from 
B-chloroethyldiethylamine and a sodium sulfinate has been described 
in the patent literature.?8*¢ 

Methyl @-aminoethy] sulfone ?** is a hygroscopic liquid which is not 
volatile with steam and could not be distilled under reduced pressure. 
The quaternary ammonium iodide decomposes when warmed with al- 
kali but the vinyl methy! sulfone was not isolated. 

The oxidation of y-aminopropy! methyl sulfone with permanganate 
at 100° gives 8-methylsulfonylpropionic acid.17® With fuming nitric 
acid at 200° the only product isolated was methanesulfonic acid. 
Heating with phosphorus and hydrogen iodide at 250° resulted in 
complete decomposition to hydrogen sulfide, ammonia, and volatile 
hydrocarbons. Many derivatives of the sulfone have been made by 
reactions involving the amino group.*®*> A study of the physiological 
action of B-aminoethyl and y-aminopropyl phenyl sulfone showed that 
the latter was the more toxic.1®* 

Aminoaralkyl and Aryl Sulfones: Preparation. Sulfones having an 
amino group attached to the benzene nucleus have been prepared in 
several ways. Benzylsulfonylsalicylic acid and related compounds ** 
nitrate in the benzyl group and reduction of the nitro compounds gives 
amines of value as dye intermediates. Other aminobenzyl aryl sul- 
fones have been prepared by reduction of nitro compounds obtained in 
various ways.'® A series of bis-(p-dimethylaminopheny])-carbinyl 
aryl sulfones °° has been synthesized from the reaction of a sulfinic 
acid and the carbinol. 


[(CHs)2NCeH4]oCHOH + CeHsSO2H — 
[(CH3)2NCoH4J2CHSO2CeHs + H20 
Aminoary] alkyl sulfones have been prepared from the nitroary] sul- 


fones described earlier.**+8 The action of ammonia or aniline upon 
2-nitro-4-alkylsulfonylchlorobenzenes replaces the halogen *®” easily to 
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give the amine. If a 3,4-dichlorophenyl alkyl sulfone is heated with 
ammonia or an amine the halogen para to the sulfone linkage is 
replaced.*® 


Cl NHo2 
Cl Cl 
+ 2NH3 — + NH.Cl 
SO2CH3 SO2CH3 


However, only the para halogen needs to be present.1®¢ The amine 
may be anthranilic acid.‘®® Quaternary aminoaryl sulfones of the 
general formula p-[R3N (Cl) ]CgHsSO.CHR’/R” where R’ or R” is a 
long-chain alkyl group have also been made from the halogen com- 
pounds 8° and a secondary amine followed by methylation with 
methyl sulfate. 

Amino derivatives of sulfones containing only aryl groups have been 
studied intensively in recent years because of their value as medicinals. 

4-Nitrophenyl 4-aminopheny! sulfone ?®! has been prepared by oxi- 
dation of the N-acetylated sulfide with hydrogen peroxide followed by 
hydrolysis. 4-(4-Aminophenylsulfony])-benzenesulfonamide #°? may 
be made from sulfanilamide by the sequence of reactions shown in 
the equations. 


NH2CeHsSO2NH2 — CIN2CeHsSO2NH2 ee 


NO2CeHaSCeHsSO2oNHo >. 
NOe2CeH4SO2CeHsaSO2NH2 — NH2CeH4SO2CeHsSO2NH2 


The preparation of a group of aminoary] sulfones of interest as dye 
intermediates 1°° depends upon the reaction of a sodium sulfinate with 
an aryl halide containing a halogen activated by nitro and sulfonic 
acid groups, followed by reduction. 

A series of o-aminopheny! aryl sulfones has been prepared by the 
action of a sodium sulfinate upon an o-halogenated azo compound 1" 
followed by reduction. Apparently the azo group exerts an activating 


o-CICgsH4aN==NCsH40H — o-(CeHsSO2)CeHsN==NCeH10H —> 
o-(CeH48O2) CeHsNHe 


influence on the halogen, comparable to that of carboxyl. 

A number of aminoary] sulfones have been obtained by the action of 
concentrated sulfuric acid upon sulfonamides of secondary amines.1** 
The amides from primary amines undergo hydrolysis and sulfonation 
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SO2—NC2Hs NHC2Hs 
QO eC 
“100°” H3C 
CHs CH3 


under the same conditions. This rearrangement has been shown to 
proceed with m-nitrobenzencsulfon-N-methyl-p-toluidide?** to the 
extent of 83%, 17% undergoing hydrolysis. In a similar manner 
2-methylamino-4-methylphenyl 2-nitrophenyl] sulfone '*? has been 
obtained from the corresponding sulfonamide.*"* 

The ary! sulfones having an amino group attached to each benzene 
ring have been made by the action of ammonia on the halogen com- 
pounds,’”® the action of thionyl chloride upon acetanilide followed by 
oxidation and hydrolysis,*°° by reduction of the dinitro sulfone,?” or 

SOC 


CeH 5NH COCH3 =? 


GROOMER ee, —> (NH2Ce6H4)2802 


of the nitropheny] acetaminopheny] sulfone ?*? followed by hydrolysis, 
and by oxidation of the bis-(acetylaminoaryl) sulfide 2°? followed by 
hydrolysis. Several unsymmetrical compounds, RCONHC,.H.SO2Cy- 
H,NHCOR’, have also been prepared from the sulfides or sulf- 
oxides.?°*° Several piperidino derivatives of ary] sulfones have been 
prepared in determining the presence of activated halogen in nitroary] 
sulfones.2°* -Acylaminopheny! p-hydroxypheny] sulfones have been 


4-BrCoH4SO2CeH3(NO2)Cl-3,4 + 2CsHioNH 
4-BrCsH4SO2CceHs(NO2z)NCsH 10-3,4 + CsHioNH2Cl 


described in a patent.?°4* 

Reactions and Properties of Aminoaryl Sulfones. Since the sul- 
fone group is inert toward most reagents the reactions of the amino- 
aryl] sulfones are not essentially different from those of other aromatic 
amines. Bis-(p-aminophenyl) sulfone has been condensed with form- 
aldehyde sodium bisulfite ?*° and also the cinnamic aldehyde deriva- 
tive,?°* reaction occurring as indicated. Allyl isothiocyanate gives the 


2CeHsCH=CHCHO + 4NaHS8O3 + (HeNCeH4)2802 — 
[CeHsCH (SO3Na)CH2CH (SO3Na) NHCeH4]2802 + 2H20 


bis- (allyl thiourea). A number of acyl derivatives and Schiff’s bases 
have also been made.”°?¢ Carbonyl] chloride yields the isocyanate.2°7® 
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The amine has been converted into the azide? and diazotized and 
coupled with tyrosine and with proteins.2°° Coupling the diazo com- 
pound with a phenol and observing the intensity of the color pro- 
duced constitutes an analytical procedure for the aminoaryl sulfone or 
its acctyl derivative in urine.*° Heterocyclic compounds have also 
been prepared from the sulfone.?? 

It was found by several investigators?*? that  bis-(p-amino- 
phenyl) sulfone is more effective as a cure for 8-hemolytic strepto- 
coccus infections in mice than is sulfanilamide but the toxicity is also 
higher.2"¢,25) The acylamino compounds show a lower toxicity than 
sulfanilamide. They are hydrolyzed in the body to the amino com- 
pound.?"* Conversely when the bis-(p-aminophenyl) sulfone is given 
it appears in the urine partly in its acetylated form.?*° This acetamino 
compound gives a color with p-cresoltyrosinase.?"® 

The effectiveness of bis-(p-aminopheny]) sulfone in the treatment 
of pneumonia has received considerable attention.7 This compound 
has been reported *** also to slow the growth of tuberculosis bacillus 
cultures. 

The bactericidal activity of p-aminopheny! alkyl sulfones 7° in- 
creases as the alkyl changes from methyl to n-propyl and then drops 
off again for the higher groups. Branching of the alkyl carbon chain 
has an unfavorable effect. 

Rearrangement of Nitroaryl Aminoaryl Sulfones. Diary] sulfones 
with an o-amino group in one ring and an o-nitro group in the other 
are converted by aqueous alkali into sulfinic acid derivatives of di- 
arylamines,?*° a reaction closely related to that undergone by o-hy- 
droxyaryl sulfones under the same conditions (see p. 697). 


SO2eCgH4NO2-0 SO2Na 


NHo . NH CgHaNO2-0 
+ NaOH(2N) -> + H20 


As might be anticipated an o-nitrophenyl aryl sulfone reacts with 
aniline.*2_ Replacing one of the amine hydrogens with methyl or 


222 


acetyl **? does not interfere with the reaction when the amine and 
o-CgHsSO2CgHzNO2 + CeH;NHe _ o-CgH;sNHCgH4NO2 + CeH 5902H 


sulfone groups are in the same molecule. If the acetaminoaryl sul- 
fone is boiled with an excess of 1 N alkali the product is sodium 2-(2- 
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S02 
NO2 
Hs 
+ NaOH(conc.) — 
NHCHs3 


SO2CeH4NOz2-0 
NHCOCHs 


+ Na0H (0.5 NV) — 


nitrophenylamino) -benzenesulfinate. 


SO2Na 

+ H20 
ee ae 
CHs3 


O2Na 
+ H20 
NCeHa4 NO2-o 


COCH3 


The results obtained with other 


aminoary] sulfones are shown by the equations. 


SO2CeH3(NOz)CI-2,4 O2Na 
+2Na0H ~ +H,0 
INHCOCHs (1 N, 2.5 moles) HCeH3(NOz)Cl-2,4 
+ CHsCOONa 
SOeCsgHs3(NO2)CI-2,4 OoNa 
+Na0OH ay +H:20 
HCOCHs (0.25 N, Imole) CeHs(NOz)Cl-2,4 
OCHs , 
O2CeH«N O2-2 O2Na 
+Na0H ~ +H:20 
HSO,C.sHs CeHyNOe2 
O2CeHe 
O2CeH NO2-2 a 
+Na0H > +H,0 
ON’ INHCOCHs (1 mole) Oz IN CeHaNO2-2 
OCHs 
02CeHNO-2 O2Na 
+2Na0H — +H,0 
OsN' HCOCHs (2 moles) ON HCgHyNO¢-2 
+ CHsCOONa 


The sodium sulfinates were characterized in each instance by conver- 
sion to sulfones by methylation. The structure of one of them was 
determined by degradation to a sulfur-free arylamine. 
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SO2Na 2 steps CuBr 
— 
O2 NHCgHsNOo-2 Oo NHCesH4NOo-2 *20% 
Br 
NOz 
Oo NH. 


The conditions necessary for rearrangement to occur are also pres- 
ent in o-nitrophenylsulfonylacetanilide,*** the intermediate sulfinic 
acid readily losing sulfur dioxide. A m-nitro group in the anilide 


NaOH 


o-O2NCeH4SO2CH2CONHC.6Hs —-> 
[o-O2NCgH4N(CeHs)COCH2SO2H] — 
o-O2NCsH4N(CeHs) COCH3; + SO2 


ring does not affect the reaction but with an additional methylene 
group between the sulfur and nitrogen only hydrolysis occurs. Unex- 
pectedly the sulfone group hydrolyzed at the aliphatic rather than 


o-O2NCeH4SO2CH2CH2CONHCeH 5 + NaOH —_ 
o-O2NCgH.SO2Na + HOCH2CH2CONHCeHs5 


the aromatic carbon, a reaction analogous to the behavior of y-di- 
sulfones toward alkali. If the two intervening carbons between the 
sulfone and amide linkage are aromatic the rearrangement proceeds 
normally. 


SO2CeH4NO2-0 SO2Na 
+ NaOH — 
CONHCe6Hs CON(CeH4NOo-0)CeHs 


SULFONYL DERIVATIVES OF ACIDS, ESTERS, AMIDES, AND 
CYANIDES 


Compounds containing the sequence of atoms RSO,CH2X, where X 
is a cyanide, acyl, carboxyl, or other similar group and R is alkyl] or 
aryl, exhibit in varying degree the properties characteristic of sub- 
stances containing acidic methylene hydrogen. The compounds of this 
type which have been investigated are numerous but the results may 
for the most part be presented briefly in tabular form. 

Sulfonyl Carboxylic Acids. Sulfones containing the carboxyl 
group have been prepared by oxidation of the corresponding sul- 
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fides.2** For example, oxidation of «-(tert-butylthiol)-propionic acid 
with permanganate in slightly alkaline solution gave a 96.5% yield 
of the sulfone.22#® Alkyl arylsulfonylacetates have also been made 
by the reaction of a sodium sulfinate with e-halogen esters. Ethyl 
p-tolylsulfonylacetate is formed by allowing ethy! e-chloroacetoace- 


CoHsSO2Na + ClICH2COOC2Hs — 
CeHsSO2CH2COOC2Hs + NaCl (80% yield) 


tate and sodium p-tolueneeulfinate to stand in alcohol solution for 
two weeks.2** If the solution is boiled this reaction becomes of minor 


p-C7H;SO2Na + CHsCOCHCICOOC2Hs + C2Hs0H — 
CH3COOC2Hs + p-C7H78O2CH2COOC2Hs + NaCl 
importance, another predominating. 


CHsCOCHCICOOC2Hs + p-C7H7SO2Na + 2C2Hs0H — 

CHsCOCH2COOC2Hs + p-C7H7SO3Na + HCl + (C2H5)20 
Similar results were obtained with ethyl chloromalonate. The reac- 
tion of p-toluenesulfonyl chloride with ethyl sodiomalonate in the 
presence of excess sodium ethoxide gives a small yield of a disodium 
salt which upon acidification yields ethyl tolylsulfonylacctate. 


p-C7H7802Cl + NaCH(COOC2Hs)2 "5 
p-C7H7802C (Na) (COONa)COOC2H; ——> p-C7H7802CH2COOC2H 5 
Despite earlier reports **? of difficulty in preparing ethyl e¢-phenyl- 

sulfonylbutyrate by alkylation of ethyl phenylsulfonylacetate this 

reaction has also proved useful in preparing sulfonyl esters and the 
corresponding acids.*?5? 

The activating influence of the sulfone group in alkyl and arylsul- 
fonyl acids and esters has been shown in many ways. It has already 
been mentioned in connection with the synthesis of simple sulfones 
that acids of the general formula RSO,CH.COOH lose carbon dioxide 
when heated (see pp. 678-680). Determination of the ionization con- 
stants of a number of alkylsulfonylacetic and propionic acids, pre- 
pared by oxidation of the corresponding sulfides, gave values for K25 
some twenty times as large as those of the sulfide acids.2*4¢ The data 
are summarized in Table XVI. 


TABLE XVI 
ComPpounp M.P., °C. K?* x 10 
CH;SO.CH,COOH 115 43.3 
CH;SO2.CHCH;COOH 96.6 36.0 


C2H;SO,CHCH;COOH 62.6 32.5 
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A study of the kinetics of the bromination and racemization reac- 
tions for e-methyl- and a-ethylsulfonylpropionic acids gave results ***¢ 
which support the theory of a common mechanism for these reactions. 
At 35° in 1N hydrobromic acid with excess bromine the reaction 
is first order but with only one equivalent of the halogen the value 
of K decreases with time. At 25.15° the rate of racemization is 
0.273 & 10-3 compared with 0.249 x 10-* for the bromination. 

Ethyl phenylsulfonylacetate was first investigated by Michael and 
Comey.*2°* With sodium ethoxide it forms a sodium salt which crys- 
tallizes readily from cold alcohol. This is quite soluble in water, 
acidification yielding the original ester. Heating the ester with 
aqueous sodium hydroxide and acidifying the solution gives phenyl- 
sulfonylacetic acid. The sodium salt of the ester reacts readily with 
benzyl chloride and the alkylation may be repeated. Heating the 
benzyl derivative with sodium cthoxide to 100° converts it into so- 
dium cinnamate. 


CeHsCHe2CH (SO2Cg6Hs)COOC2Hs + 2C2H;s0Na — 
(C2H5)20 + CeHsSO2Na + CoHsCH=CIICOONa + C2H50H 


Hydrolysis with aqueous alkali is extremely slow for the esters of 
both the mono- and dibenzyl compounds. 

It has been reported 2°? that alkyl phenylsulfonylacctates do not 
condense with amyl nitrite and sodium ethoxide, while the correspond- 
ing nitriles and amides do react. The esters condense with benzene- 
diazonium salts in alkaline solution,?*® however. 


CeHsSO2CH2COOC2H5 + CeHsNeCl + NaOH => 
CeHsSO2C(==NNHCeHs) COOC2H5 + NaCl + H2O 


a-Phenylsulfonylbutyric acid ***? has been resolved into its optical 
isomers by separation of the brucine salts. At 27° the half-life period 
of racemization for the I-acid in absolute alcohol is 1350 hours whereas 
that of the ethyl ester is 80 hours. Under the influence of sodium eth- 
oxide the ester is racemized completely at once. This behavior sug- 
gests an enolization mechanism involving either the ester or sulfone 
group. The optical instability of @-disulfones discussed later indicates 
such an enolization involving the sulfone group to be quite possible. 

Phenylsulfonylacetic acid and the p-methyl- and p-chloro deriva- 
tives condense readily with aldehydes under the usual conditions for 
the Perkin reaction. With an o-hydroxyaldehyde ring formation to 


» 


a coumarin derivative occurs.?”* 
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H 
C=0 

CsHsSO2CH2COOH + CeHsS02CHzCOONa + O {CFiCON0 5 
OH 


+ 2H20 + CeHsSO2CH2COONa 


By heating the product obtained from salicyaldehyde with aqueous 
5% sodium hydroxide it is hydrolyzed to the starting materials. With 
sodium ethoxide in alcohol at 100° substances are formed which upon 
boiling with alkali give unsaturated sulfones. 


SOeCeHs 
SO2CcHs H=CC “10 
+ NaQCsHs — COOC2Hs5 
O ONa 


O 


CH==CHSO2CeHs 
en + C2Hs0OH + NaHCOs 


Condensing 2,4-dihydroxybenzaldehyde with the sulfonylacetic acids 
as above yields 7-acetoxycoumarin derivatives. These with 5% 
aqueous sodium hydroxide do not regenerate the starting materials 
but give the unsaturated sulfones. Typical substances obtained in 
these investigations are listed in Table XVII. In addition, cou- 


TABLE XVII 

Compounp M.P., °C. 
3-Phenylsulfonylcoumarin 217-217.6 
3-p-Tolylsulfonylcoumarin 221 
3-p-Chlorophenylsulfonylcoumarin 242 
3-Phenylsulfonyl-7-acetoxy coumarin 237 
3-Phenylsulfonyl-7-hydroxycoumarin anh 
3-p-Tolylsulfonyl-7-acetoxycoumarin 234 
3-p-Tolylsulfonyl-7-hydroxycoumarin 239 


3-p-Chlorophenylsulfonyl-7-acetoxycoumarin 224 
3-p-Chlorophenylsulfonyl-7-hydroxycoumarin 226 
marin derivatives were obtained by condensing 2,4,5-, 2,4,6-, and 
3,4,5-trihydroxybenzaldehyde, and 2-hydroxy-, 2,6-dihydroxy, and 
2,7-dihydroxy-1-naphthaldehyde with phenyl, p-chlorophenyl-, and 
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p-tolylsulfonylacetic acids. Of the aldehydes studied the 2-hydroxy- 
1-naphthaldehyde reacted most rapidly. Numerous derivatives of 
these compounds were prepared. 

Nitration of phenylsulfonylacetic acid 7*° produces almost entirely 
the meta isomer. This is readily decarboxylated by heating. 

An attempt to prepare phenylsulfonylchloroacetic acid by the action 
of sodium benzenesulfinate upon sodium dichloroacetate 2%! gave chlo- 
romethyl phenyl sulfone. With a,a-dichloropropionic acid the reaction 
for the most part follows another course. 


CHCl,COONa + CgH;SO.Na + H20 — 
CsgH;SO2CH2Cl + NaCl + NaHCO; 
CH3CCl,COONa + 2CsH;SO.Na + H,0 —- 

(CeH;SO2CH2)2 + 2NaCl + NaHCO; 
a-Bromo-a- (tert-butylsulfonyl) -propionic acid,?*4® prepared by bromi- 
nation, decomposes rapidly at 100° into isobutylene, e-bromopropionic 
acid, and sulfur dioxide. In aqueous hydrobromiec acid hydrolysis to 


CH3C(Br)(SO.C,H») COOH — CH3;CHBrCOOH + SO. + C,H» 
t-butyl alcohol takes place. 


CH3C(Br)(SO,C,Hy)COOH + H20 — 

(CH3)3COH + [HO.SC(Br) CH3;COOH] 
The sulfinic acid loses sulfur dioxide to give a-bromopropionic acid 
and the resulting sulfurous acid reduces part of the original bromo- 
sulfonyl acid. The bromosulfonyl acid is also reduced by aqueous 


CH3C(Br) (SO2C,He)COOH + H2CO3 + H20 — 

CH3;CH(SO,C,H,)COOH + H2SO, + HBr 
potassium iodide indicating the strongly positive nature of the 
bromine. 

A f-sulfonyl carboxylic acid has been prepared from cinnamic acid 
and benzenesulfinie acid,?82* and by loss of carbon dioxide from the 
addition product of maleic acid and benzenesulfinic acid. 

Recently the sulfone of dl-methionine has been obtained by oxida- 
tion of the amino acid with hydrogen peroxide. 

A number of aliphatic sulfones containing two carboxyl groups is 
known. Preparation of these has been effected by oxidation of the 
corresponding sulfide and by the addition of a sulfinic acid to maleic 
acid.2828. Sulfonyldiacetic acid results in high yield by oxidation of 
the sulfide with potassium permanganate in the presence of magnesium 
chloride.?8*:284 The ethyl ester has been recommended **4 as a useful 
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reagent for the identification of the lower-molecular-weight n-alkyl 
primary amines. Some complex cobalt salts of the acid have been 


O28(CH2zCOOC2Hs)2 + 2RNH, — O28(CH,CONHR)2 + 2C,H;OH 
investigated.285 

A series of investigations of «sulfonyl diacids of the general type 
[RCH (COOH) }2802 has shown *** that these racemize readily. The 
propionic acid derivative could be obtained in active forms only by 
the “cold crystallization” method. The free acid racemizes very 
quickly in water but is relatively stable in ether solution. The rate 
of racemization of active forms of the acids decreases with increase 
in size of the alkyl group. Thus, under the same conditions the a-sul- 
fonyldibutyric acid has a half-life in water of 5 hours while for the 
isovaleric acid derivative this is 80 hours. Data for determining the 
effect of branching of the chain as compared with lengthening it are 
not available as yet. 

As might be anticipated, the active forms of f-sulfonyldibutyric 
acid *57 showed little tendency to racemize. Acids containing two sul- 
fone groups are discussed under disulfones. 

a-Sulfonylacetonitriles. Derivatives of acetonitrile of which phen- 
ylsulfonylacctonitrile is the prototype have been accorded a thor- 
ough investigation by Tréger and co-workers. Those in which the 
-——CH.CN group is unsubstituted have been obtained by the action 
of sodium sulfinates upon chloroacetonitrile 28° in alcohol at 100° in 
a sealed tube. The tabulation for compounds prepared in this man- 


ArSO.Na + CICH,CN — ArSO2.CH2CN + NaCl 
ner is given in Table XVIII. The yields are apparently good except 


TABLE XVIII 


SULFONE M.P., °C. 
CeH,;SO,CH2CN 114 
o-CH3CegH SO2CH2CN Oil 
m-CH3CgH SO2CH2CN 168 
p-CH;CyH.S0,CH,CN 146 
p-ClCgHSO2CH2CN 169 
p-BrCegH.SO2CH2CN 194 
p-ICgH4SO2CH2CN 213-214 
o-CH30C.H,SO2,CH2CN 84-85 
p-CH;0C,H,SO,CILCN 115 
p-C2H,OC.H,SO2CH2CN 140-141 
1,2,4,5-(CH3)3CgH2SO2.CH,CN 110-111 
a-CypH7SO2CH CN 109 
B-CipH7SO,CH2CN 95 
m-CgH,(SO2CH2CN)2 164 


1,2,4-CH3CsHs(SO2CH2CN)2 179° 
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for the preparation of m-benzenedisulfonylacetonitrile. A similar 
series of sulfones **° (see Table XIX) has been prepared from a-chlo- 
ropropionitrile and sodium sulfinates by heating the reactants together 
in a sealed tube at 130-140°. 


TABLE XIX 

SULFONE M.P., °C. 
CsHsSO2CB (CH3)CN 72 
p-CH3CsH,SO2CH(CH3)CN 66 
p-CICsH4SO2ClII(CH3)CN 101-102 
p-BrCgII,SO2CH (CH3)CN 98 
p-ICeH,SO2CH(CH3)CN 115 
8-C\p)H;SO.2CH (CH3)CN 90-91 


These compounds form sodium salts which are decomposed by car- 
bonic acid. The derivatives of propionitrile are, however, much less 
soluble in aqueous alkali than are the compounds derived from accto- 
nitrile. No procedure has been devised for reducing them to #-sul- 
fonylethylamines but most other reactions of the cyanide group occur 
normally. With alcohol imino esters result. 


ArSO2CH2CN + C2H50H + HCl — ArSO2CH2C(—=NH2Cl)0C2H5 
Hydrogen sulfide adds to give thioamides. 


ArSOsCH2CN + HS ——’s ArSOsCH2CSNH2 
Hydroxylamine also adds readily. 

ArSO2CH2CN + H2NOH — ArSO2CH2C(NH2)NOH 
Alkylation of these amidoximes replaces the hydrogen of the oxime 
group.**° Hydrolysis of the nitriles with acid or alkali yields the 
corresponding acids. If both hydrogens of the methylene group are 
replaced by alky] this reaction proceeds with difficulty or not at all.?42 
Phenylsulfonylacetonitrile or the a-methyl derivative with 0.1.N so- 
dium hydroxide at 100° gives about 68% of the sodium salt of the 
acid before loss of the carboxyl group becomes marked.?*® Hydrolysis 
does not stop at the amide stage for any of these nitriles. The hy- 
drogen sulfide and hydroxylamine reactions are slow for the dialkyl 
compounds. Phenylmagnesium bromide is said to give no reaction 
with phenylsulfonylacetonitrile.242 Formation of benzene and a mag- 
nesium salt of the sulfone would be expected. 

Alkylation of the sulfonylacctonitriles with alkyl halides and sodium 
ethoxide in alcohol 24 yields dialkyl] derivatives readily. A monoalkyl 
compound has apparently been obtained in only one instance by this 
type of reaction, by benzylation of 8-naphthylsulfonylacetonitrile. 
The sulfonyldialkylacetonitriles are listed in Table XX. 
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TABLE XX 

SuLFonE M.P., °C. 
CeHsSO2C(C2H¢)2CN 78 
CeHsSO2C(2-C3H7)2CN Brown oil (impure?) 
CsgH,8O2C(CH2CeH5)2CN 157-157.5 
p-ClCgHySO2C(C2H5)2CN 81 
p-ClCeHO02C(n-C3H7)2CN Oil 
p-ClCgH4SO2C (1-C3H7)2CN Oil 
p-ClCsH4SO2C(CH2CeH5)2CN 125 
p-BrCgH.SO2C (CoH) 2CN 94 
p-BrCgH«SO2C(CH2CeHs)2CN 145 
p-l CeH 480 eC (CHeC.sH. 8) 2CN 166 
o-CH30CgH«SO2C(C2H5)2CN Oil 
o-CH30CgH,SO2C(CH2CeH5)2CN 123 
p-CHsO0CgHSO2C (CH Celts) 2CN 119 
p-C2HsOCeHySO2C(C2H5)2CN 81 
p-C2H;OC;H,SO2C (CH2CeH5)2CN 119 
1,2,4,5-(CH3)3CeH2S02C(C2Hs)2CN Oil 
a-Cjo9H7802C(CH3)2CN 115 
a-CyoH SO2C(CH2CeHs)2CN 180 
8-CyoH7802C(CH3)2CN 115 
8-CyoH7802C(C2H5)2CN Transparent resin 
B-CioH7802C(CH2C6H5)2CN 177 
8-C\oH7802CH (CH2CeH5) CN 128 


Condensation of the sulfonylacetonitriles with aromatic aldehydes 
takes place readily in the presence of a trace of alkali.4* The com- 
pound from methylsulfonylacetonitrile and p-dimethylaminobenzalde- 
CeHsSO2CH2CN + CeHsCHO — CoHsSO2C(=CHCeHs)CN + H20 
hyde has been patented as a dye.?*4 

The wide applicability of the reaction is shown by the compounds 
prepared from arylsulfonylacetonitriles which are given in Table XXI. 
By using o-nitrobenzaldehyde and reducing the first product a quino- 
line derivative results.?45 


CHO CsHsN 
+ CeH;sSO2CH2CN ————> 
NO2 C,H;0H 


H 


C 
\C—80.CcHs \\802CeHs 

CN yy, INH 
NOz N 


The same compound is formed directly by starting with o-aminobenz- 
aldehyde. If this last reaction is carried out at 170° in a sealed tube, 
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TABLE XXI 
SULFONE M.P., °C. 
CeHsSO2C(—CHCsHe) CN 135 
CeHsSO2C (=CHC,;H,OH-o) CN 160 
CsH;SO2C(—CHC,;H,OH-p)CN 214 
CsH,SO2C(—CHCsH,OCH3-p)CN 113 
CeHsSO2C (==CHC.HiNO2-p)CN 159 
CeHsSO2Ci—=CHC.HyN(CHs)o-pICN 194 
CsHsSO.C[==CHCsH«CH (CH3)2-pICN 78 
CsH;SO2.C(—=CH—CH=CHC,Hs)CN 146 
p-CHsCeH,SO2C (=CHC.H;)CN 114 
p-CH3C.sH.SO.C (=CHC.H,OH-0)CN 152 
p-CH3C.H,SO.C (=CHC.H,O H-p)CN 133-135 
p-CH3CeHySO.C (—CHCsH,OCH3-p)CN 110 
p-CH3C6H,SO.C (=CHC.HiNO2-p)CN 198 
p-CH3C.gH,SO.C[—=CHC.sHiN (CHs)-pICN 217 
p-ClC.H4SO2C (—CHC.H,OH-p)CN 154-156 
p-Cl1CgH4SO2C[—=CHC.H4N (CH3)e-pICN 245-246 
p-BrCgH.SO2C (=CHC,Hs)CN 119 
p-BrC.H.SO.C (—=CHC;H,OH-0)CN 143 
p-BrCgH«SO2C(=CHC.H,OH-p)CN 166 
p-BrC.H,SO2C(—=CHC.H,OCHs-p) CN 146 
p-BrCgH4SO.C (—=CHCsHaBr-p)CN 210 
p-BrCsH,SO2C[—CHC.HiN(CH3)2-pICN 240-241 
p-BrC.gH,SO.C(—CH—CII=CH—CsHs)CN 176 
p-ICgH«SOoC[—=CHCeH4N (CHa) 2-pICN 222 
2,4,5- (CH3) 3CeH2S0.C (—CHC.sH,OH-p)CN 181 
2,4,5- (CH) 3CeH2SO2C [=CHC.H iN (CH3) -pl|CN 192 
B-Cyo IT 7SO2C(—=CHC.Hs)CN 122 
B-CypH7SO2C(—CHCsH,OH-0) CN 173 
B-CyoH7SO0.C (=CHC.H,O H-p)CN 157 
B-CypH7802C(—-CHCgH,OCHs-p) CN 117 
B-CyoH7SO02C (—CHCeHiNOe-p)CN 187 
B-CypH7SO2C[—=CHCeH4N (CH3)2-pICN 197 
B-C19 H7SO02C[—=CHC.H,CH(CHs)2-pICN 146 
B-CyoH7S802C (==CH—CH=CH—C,H;)CN 157 


however, the amino group is lost giving a substituted carbostyril. 
Various derivatives were prepared from this and from the analogous 


CHO OzCeHs 
+ CeHsSO2CH2CN — + NH3 
He OH 


N 
p-toluenesulfonyl-.and p-chlorobenzenesulfonylcarbostyrils. 2-Amino- 
3-methoxybenzaldehyde has also been employed in this condensation. 

Reduction of the aminoquinoline gives a thiophenol and a tetrahy- 
droquinoline.?*% 247 
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He 
SOeAr 2 
Sn + HCI ao ArSH 
y, NHe 2 
CH30 N CH30 N 
H 


The sulfonylacctonitriles undergo condensation with amyl nitrite in 
the presence of sodium ethoxide.?**¢ 
C3HsONa 
> 


CeH5802CH2CN + C5H110NO 
CoH s8O2C(==NOH)CN + C5H1,0H 

No mention was made of obtaining the oximes in stereoisomeric 
forms. All attempts to hydrolyze the oximes to the ketones were 
futile. With bromine in water *** the indicated change occurs. The 
bromine compounds arc also obtained by direct bromination of the 


ArSOeC(=NOH)CN + Bre + HeO — ArSOeCBreCN + ? 
sulfonylacetonitriles. These reactions were performed where aryl is 
phenyl], p-chlorophenyl, p-bromophenyl, and p-iodophenyl. Attempts 
to hydrolyze the dibromo compounds to the ketones were unsuccessful. 

By the action of chlorine in alkaline solution the amidoximes iuse 
the cyanide group.?* The dichloronitriles are obtainable, however, by 
chlorination of the unsubstituted sulfonylacetonitriles with “nascent 


CoHsSO2C(NOH)CN + Cle + NaOH — 

CeHsSO2CHCle + NaCl + H20 + ? 
chlorine” obtained by adding bleaching powder to the nitrile dissolved 
in acetic acid. Dry chlorine works well for phenylsulfonylacetonitrile 
but not for the p-tolyl and p-chlorophenyl compounds. Iodine in 
potassium iodide solution does not react with the oxime or methylene 
group in any way. The dihalogenated compounds prepared are listed 
below. 


TABLE XXII 
; Dicutoro Compounp DisromMo Compounp 
ORIGINAL NITRILE M.P., °C. M.LP., °C. 
CeH,SO02CH2CN 57 123 
p-CiCgH,8O2CH2CN 96-97 126 
p-BrCegH,SO2CH2CN 105-106 129 
p-ICeIL,SO2CH2CN 111-112 131 
p-CH3CgH,<SO.2CH2CN 92 121 
o-~-CH;30CsH,SO2CH,CN 121 123 
p-C2H,0CsH,SO2CH2CN 95 118 
2,4,5-(CH3)3CgH2SO.CH,CN 103-104 123 


o-C19H7SO2CH {CN 118 146 
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Sodium benzenesulfinate reduces the halogen compounds to the orig- 
inal nitrile.**".*° No satisfactory procedure has been found for ob- 


CoHsSO2CBreCN + 2CgH3SO2Na + 2H2O — 
CeHsSO2CH2ON + 2CgH;SO3Na + 2HBr 


taining monohalo derivatives of the sulfonylacetonitriles, 

Ethyl] nitrate docs not react with phenylsulfonylacctonitrile. At- 
tempts to oxidize the methylene to the keto group by potassium per- 
manganate were unsuccessful.*4* 

Diazonium salts react readily with the e-sulfonylaccto- and pro- 
pionitriles in the presence of sodium acetate #** in alcohol solution. 


ArN2Cl+Ar/SO2CH2CN —AtC2°N®, a N==-N—CH(CN)S0O2Ar’ +HC! 


Whether the product exists as the azo compound or the hydrazone is 
not known, The sulfones derived from propionitrile also react, the 
products of necessity being the true azo compounds. In Table XXIII 
are listed the various substances prepared. 


TABLE XXIII 
Azo Comrounp or HypRAzONE, 


SULFONYLNITRILE Drazonium Sar M.P., °C. 
a-C iol SO2CH2CN CelfgsNoCl 203 
o-CH3Cell4Ne2Cl 149-150 
p-CHsCellaNoCl 193 
p-CH30CceHqN2Cl 173 
B-CyoH7SO2CH2CN CeHsN2Cl 194-195 
p-CH3C.gH4N-2Cl 189-190 
m-CH3CgH,N2Cl 160-161 
p-Colls0CsH«N,Cl 165--16° 
p-BrCgHsSO2CH2CN CeH,N2Cl 185 
p-C2lIlgsOCgHaNoCl 154-1 55 
CsHsSO2CH(CH3)CN CsH,N2Cl 78 
p-CH3CeHaN-Cl 103-104 
p-CH30CsHsN2Cl 81-82 
p-C2HsO0CsH 4N2Cl 96-97 
p-ClCgH,SO2CH (CH3)CN CeHsN2Cl 90-91 
B-CioH7N2Cl 154-155 
p-BrCgH,SO,CH(CH3)CN  p-CH3CeHsN2Cl 151 
p-CH30CeH4N2Cl 153 
B-CyoH7SO2CH (CHs)CN CeHsNoCl 120 


p-CH3CsH4N,Cl 119-120 
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All these azo compounds are yellow or red in color except p-chloro- 
phenylsulfonyl-«-benzeneazopropionitrile which is green. 

Arylsulfonylacetamides. Phenylsulfonylacetamide was first ob- 
tained by the action of ammonia upon ethyl phenylsulfonylacetate.?*? 
Later a series of similar compounds was prepared from chloroacet- 
amide and sodium sulfinates 78°* by heating these to 100° in alcohol so- 
lution. The compounds synthesized in this manner are given in Table 
XXIV. 


CeHsSO2Na + CICH2CONH2 ~—» CuHsSO2CH2CONH2 + NaCl 


TABLE XXIV 
SULFONE M.P., °C. 
CeHsSO2CH2CONH2 156 
o-CH3CeH,SO2CH2CONH:2 143 
m-CH3CgH,«SO2C H2CON Hz 146 
p-CII3;CsHsSO2CH2,CONH2 166 
p-CICsH,SO2CH2CON Hz 169 
p-BrCsH.SO2CH2CONH,2 166 
p-ICgH«SO2CH,CONH2 189 
2,4-(CH3)2CesH3SO.CH2CONH2 149 
a-Cyp9 H7SO2,CH2CONH2 162 
B-Cyp9H7SO2CH2CON He 194 


Some derivatives of propionamide have been prepared in an analo- 
gous manner.?#? 


TABLE XXV 
SULFONE M.P., °C. 
CeHsSO2CH(CHs)CONH, 150 


p-CH3Ce6H.802Cii (CH3) CONH, 166 
p-CiCgH,SO2CH (CH3)CONH2 190 
p-BrC.H,SO.CH (CH3)CONH2 196.5 
p-ICsH.S02CH(CH3)CONH2 210 


«-p-Tolylsulfonyl-n-butyramide ?5#¢ has been obtained in 80% yield 
from the sulfinate and a-bromobutyramide. p-Acetaminophenylsul- 
fonylacetamide has been similarly prepared.***® The yields in this 
type of reaction were found ?*8 to be better if the temperature of the 
reaction mixture was kept low but the time necessary was then so 
great that the procedure was not practical. 

The oxidation of the corresponding sulfides with hydrogen peroxide 
was found to give good results in the preparation of alkylsulfonyl 
amides,?**:25* the yields averaging about 75%. Compounds prepared 
in this way are listed in Table XXVI. 
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TABLE XXVI 
SULFONE M.-P., °C. 

CoH ;SO2CH2CON He 98.5-99 
n-C3lI7SO2,CH2,CONHe 104-104.5 
n-C,HgSO,CH,CONH, 119-119.5 
C2HsSO2CH (CH3)CONHe 126-126 .5 
n-C3H7SO2CH (CH3)CON He 122-122.5 
n-CaHpSOoCH (CH3) CONHe2 114-114.5 
CeHsSOoCH (Cells )CONHe 168-168 .5 
n-C3lT7SOoCH (C2H5) CON He 137-137.5 
C2HsSO2C (CH3) 2CONHe 92.5-93 
n-C3H7SO2C (CH3)2CON He 99.5-100.5 
n-C4HgSO2C(CH3)2CON He 775-78 


C,H;SO2CH (C3H7-n)CONH.2 117.5-1 18 
n-C3H7SOeCH (Cal T7-n)CON He 125-125.5 
n-C4HoSOoCH (CyHo-n) CONTI 2 125-125.5 
C2HsSO02CH (C3H7-iso) CON He 122-123.5 
n-C3H7SOeCH (C3H7-iso)CONTI, = 116-117 
n-CaH gSOoCH(Cs3H7-iso)CONH: 126.5-127 
CeoHsSO2CH (C,ITp-n) CON He J12-112.5 
n-CaH7S0.CH(C,He-n)CONH, ~—«:119-119.5 
CsHsCH2SO2CH2CON He 178.5-179 
A number of e-arylsulfonyl amides have been obtained by alkyla- 
tion of the acetamide derivative with an alkyl halide and sodium 
ethoxide in alcohol.?** 


p-C7H7SO2CH NaCONH2 + CeoHsBr > 
p-C7H7SO2CH (C2H5)CONH2 + NaBr 
The alkylsulfonylacetamides are apparently somewhat less acidic than 


the ary] compounds, the amide group reacting about one-half as rap- 
idly as the methylene group so that three products are formed.?** 


n-C4HoS02CH2CONH2 


n-C4H9SO02CH (C2H5)CONH2 + 
n-C4H pSO2CH2CONHCoHs + n-CsHopSO2CH (C2H5)CONHCoHs 
Phenylsulfonylacetamide does not undergo the Hofmann reaction 
to give the amine.”88* The reactions that occur with bromine, accord- 
ing to Tréger and Hille, are indicated by the following equations. 


CeHsSO2CH»CONH2 + Brz + CeHsSO2CH2CONHBr + HBr 
CeHsSO2CH,CONHBr ~~» CeHsSO2CHBrCONH2 
CeHsSO2CH2CONHe + 2Brz a, 

CsH;S02,CHBrCONHBr + 2HBr 
CeHsSO2CHBrCONHBr + KOH — CeH;SO2CHBrz + ? 
CeHsS02CH2CONH2 + Bro + NaOH —> CeHsSOoCBrs + ? 


. 
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However, the most satisfactory method of preparing the a-bromo-a- 
sulfonylamides is by bromination in moist carbon tetrachloride.*** 
The reactions of these bromoamides are of two types: (1) elimination 
of halogen and (2) elimination of the carbamide group. Which occurs 
depends in part on the groups present in the amide. 


n-C'4H9SO2CBr(C2Hs5)CONH2 + CoH50Na Sos g 
n-C4HpSO2CH (C2H5)CONH2 + (CHsCHO) + NaBr 
p-C7H7SO2CHBrCONH2 + C2HsONa — p-C7H7SO2CH2Br (+ ?) 
With hydrazine and with hydriodic acid the only reaction is reduction 
and this is the chief change with piperidine and thiols in alkaline 
solution. 

Chlorine and phenylsulfonylacetamide give compounds analogous to 
those obtained with bromine *48¢ and also CsH;SO2CClzCONHCI, m.p. 
144°, the N-chlorine of which readily reacts with potassium iodide. 
The chlorination reactions 2” of the p-tolyl- and S-naphthylsulfonyl- 
acetamides were found to be quite similar. 

The a-sulfonyl amides are much less acidic than the corresponding 
cyanides and esters as they are insoluble in sodium hydroxide.*#* How- 
ever, they condense with amyl nitrite in the presence of sodium ethox- 
ide to yield the oximino compounds which separate as their yellow 
crystalline sodium salts. Attempts to condense the amides with alde- 
hydes gave negative results.** 

Arylsulfonylacetylurethanes and Ureas. A series of sulfoncs derived 
from acetylurethane and acetylurea has been synthesized from the 
sodium sulfinates and chloroacety! compounds.?5? 


CeHsSO2Na + CICH2CONHCOOC2H; — 
CoH sS02CH 2zCONHCOOC2Hs + NaCl 
The compounds obtained by this procedure are listed in Table X XVII. 


TABLE XXVII 


SuLFonE M.P., °C. 
CegHsSO2C He CONHCOOC2Hs 69 
p-CH3CeH,SO2.CH2CON HCOOC2He 103 
CsH;SO2CH2zCON HCOOC,4H¢:-iso 81 
p-CH3CsH,SO,CH2CON HCOOC;He-iso 89 
CeHsSO2CH2CON HCOOC,I;1-iso 73.5 
p-CHsCeH.SO,CH2CONHCOOCsH 11-i80 83 
CsH;SO2.CH,CONHCONH2 225 
p-CH3CsH,SO,CH2CON HCON He 223-224 
CsH,;SO2CHz-CONHCONHCH; 207 
p-CH3CeH,SO,CH2,CONHCONHCH3 220 


Upon hydrolysis with alkali these compounds break down into a sul- 
fonylacetic acid, ammonia, and carbon dioxide. 
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a-Ketosulfones. There is on record only one example of an a-keto- 
sulfone, that obtained by the action of benzoyl] chloride upon potas- 
sium p-toluenesulfinate in ether solution at 110° under pressure.?5* It 
was stated that other acid chlorides behaved similarly but the products 
were not described. This compound is an oil which adds water or 


CoH sCOC! + p-C7H7SO2K — p-C7I17SO2COCsHs + KCl 
alcohol readily; the hydrate loses its water of hydration incompletely 
at as high as 150°. Further investigation of these compounds would 
undoubtedly yield interesting results. 

Phenylsulfonylacetone and Related Compounds. A number of aryl- 
sulfonylacetones have been obtained by the action of alkali sulfinates 
upon chloroacetone in aleoho!] solution,?47: 75% 264, 261 


ArSO2Na + ClCH2zCOCH3 — ArSOeCHeCOCHs + NaCl 
Derivatives of acetophenone have been synthesized in a similar man- 
ner.**9 The compounds of this type are listed in Table XXVIII. 


TABLE XXVIII 


SULFONE M.P.,°C. M.P. or Oximg, °C, 
CeH;SO2C H2COCH3 57 147-148 
p-CICgHsSO2CH2COCHs 83 163-164 
p-BrC6H«SO2,CH2COCH3 TOO! seattle i 
p-CH3CeH.SO,CH2COCHs3 $2.00 aaa caselecie 
o-CH30CegHySO2C H2COCH3 65 160.5 
p-CH30C.H,SO2CH2COCH3 76.5 134 
o-C2H;OCeH,SO2CH2COCH3 59 122 
p-C2Hs0CeH,SO2CH2COCH3 67.5 127 
a-CyoH;SO2CH,COCH3 65° GR eto ena 
B-CyoH7SO2.CH2COCHs 130 172 
CeHsSO2CH2COCeHs 96 134 
p-CiCeHsSO2CH2COCsHs 134.5 132 
p-CH3CeH,SO2CH2COCeHs VIO © Reet acdeates 
o-CH30CgH«SO2CH2COCelI5 1! re rer 
p-Cl1z;0CgHsSO2CH2COCeHs 110 134 
o-CeHsOCgH«SO2CH2COCeHs 99 129 
p-C2Hs0CsH«SO2CH 2COCsHs 130 150 
a-CypH;SO2CH,COCeHs 89 173 


Phenylsulfonylacetone has also been obtained by the action of aque- 
ous potassium permanganate upon a solution of acetony! pheny! sul- 
fide in carbon disulfide.2*2 The reaction of Grignard reagents upon 
phenylsulfonylacetonitrile does not yield the ketone.**° 

All these sulfony! ketones are readily soluble in cold alkali with the 
exception of the phenety! and a-naphthy] compounds derived from 
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acetophenone. They form oximes, semi-carbazones, imides, and phen- 
ylhydrazones readily but do not add hydrogen cyanide. Phenylsul- 
fonylacetone is oxidized by potassium permanganate to benzenesul- 
fonic acid, acetic acid, and carbon dioxide.?** Reduction with sodium 
amalgam yields benzenesulfinic acid and isopropyl alcohol while with 
zinc and hydrochloric acid thiophenol is formed. Heating with alco- 
holic potassium hydroxide causes cleavage to phenyl methyl] sulfone 
and potassium acetate. 


CeHsSO2CH2COCH3 + KOH — CsH;S02CH3 + CH3COOK 
Halogenation yields successively mono-, di-, and trisubstitution 
products in which only the methy] group has reacted.?® 8° w-Phenyl- 
sulfonylacetophenone and its analogs, however, substitute easily in the 
methylene group. The methylene halogens oxidize sodium benzene- 
sulfinate. 
CeHsSO2CH2COCeHs + 2Cle — CeHsSO2CCleCOCeHs + 2HCI 
CeH sSO2CCleCOCeHs + 2CeHsSO2Na + 2H20 — 
CeHsSO2CH2COCeHs + 2CeHsSO3Na + 2HCl 
The halogen derivatives of phenylsulfonylacetone react by double 
decomposition.?** The halogen derivatives of the ketosulfones are 
ArSO2CH2COCH2Br + CeHsSO2Na — 
ArS02CH2COCH2802C6Hs + NaBr 
listed in Table X XIX. 


TABLE XXIX 

ComPpouNnD M.P., °C. 
CeH,SO2.CH2COCH2Br 96 
CsH,SO,CH,COCHBr2 113-114 
CeH;SO2CH2COCCl; ? 
p-Cl1CgHiSO2CH2COCCls 119.5 
p-ClCsHsSO2CH2COCBrs 125.5 
p-CH3CsH.SO.,CH2COCH:2Br 129-130 
CsH,SO2,CHCICOCeHs 126 
CeH»SO2-CHBrCOC,H, 138 
CeH;SO2CCle,COCgHs 104 
CeHsSOeCBreCOCgHys 119.5-120 
p-CH3CsH,SO2CHCICOCsHs 139 
p-CH3CsH.SO.,CHBrCOCsHs 158 
p-C1CsH.SO,CHCICOC,H, 145. 5-146.5 
p-CIC.H,SO,-CHBrCOCeHs 163-164 
p-ClCeH.SO2CC],COCeHs 98~99 
p-ClCsH.SO2CBr2COCeHs 121~121.5 


Phenylsulfonylacetone condenses with the alkyl esters of aromatic 
thiosulfonic acids, “disulfoxides,” with the introduction of an alkylthiol 
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group. This reaction has been useful in the preparation of sulfidesul- 
fones.?* 
CeHsSO2CH2COCHs + p-CH3CeH.SO2SCH3 — 
CeHsSO2CH (SCH3)COCH3 + p-CH3Ce6H4SO2H 
Condensation with o-aminobenzaldehyde ***: 25.265 or 3-methoxy-2- 
aminobenzaldehyde gives rise to derivatives of quinoline. 


CHO seins OzAr 
+ ArSOeCHeCOCH3 "eck + 2H20 
Hoe coho, CH3 
OCHs CH30 N 


The sulfone group is not split from the ring by the action of fused 
potassium hydroxide nor when heated with acid under pressure. The 
presence of the sulfone group does not prevent the reaction of the 
az-methyl with aldehydes or phthalic acid. Reduction with tin and 
hydrochloric acid yields the thiophenol and a_tetrahydroquino- 


line 247, 2500, 261b, 205 


He 
SO2Ar 2 
8n+HCl i fe ArSH 
iCH3 CH3 
CH30 N CHs H 


A high reaction temperature (200°) is necessary to condense amino- 
benzaldehyde with sulfones derived from acetophenone to yield the 
8-sulfonyl-a-phenylquinolines.?5% 2622 

A cyclic 8-ketosulfone, 3(2)-thianaphthenone-1-dioxide has been 
obtained by oxidation of the sulfide,?** as a by-product in the sulfona- 
tion of ethyl benzoylacetate,?*’ and by ring closure of acetophenone- 
2,w-disulfonic acid.2** The ketosulfone is hydrolyzed by heating with 
aqueous alkali to o-methylsulfonylbenzoic acid but is unchanged by 


acid, 
COCH2S803H =O 
— | + HeSOa 
O3H CHe 
Oa 


CO COONa 
| + NaOH — 
Hea SO2CH3 
Oz 
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y-Ketosulfones. It has been mentioned earlier 1° that benzalace- 
tophenone condenses with p-tolyl benzyl] sulfone to give two stereoiso- 
meric ketosulfones. Another synthesis of a sulfone of this type in- 
volves the addition of a sulfinic acid to an unsaturated ketone.?*74 


CeHsCH==CHCOCHs + p-C;H;SO2H — 
CoHsCH (SO2C7H;) CH2COCHy 


The reaction with cinnamalacetone occurs as shown in the equation 
rather than at the ends of the conjugated system. 


Cs6HsCH=CHCH=CHCOCHy + C7;H7SO2H — 
CeHsCH==CHCH(SO2C;H;)CH2zCOCHs 


PYRIDYL AND QUINOLYL SULFONES 


The formation of a few heterocyclic sulfones has already been de- 
scribed under the reactions of arylsulfonylacetones. The interest in 
sulfapyridine has led to the preparation of some pyridyl and quinoly] 
sulfones.*°°*> The methods employed are similar to those used for 
bis-(aminophenyl) sulfones. The sulfides from 2-chloro-5-nitropyri- 
dine, 5-chloro-8-nitroquinoline, and 8-chloro-5-nitro-quinoline are 
readily oxidized by chromic acid to the sulfones. The properties of 
the amino compounds are under investigation. Phenyl pyridyl and 
quinolyl sulfones are also known.?#¢ ; 


OoN, O2N OoN 
a = | ig=s mice 
N N N 


2 2 


The preparation of a number of alkylpyridine sulfones has been out- 
lined.??° Their parachors are in agreement with the theory that the 
sulfur-oxygen bonds are semi-polar. The oxidation of 4-methylthio- 
pyridine with potassium permanganate in 20% acetic acid produces 
the sulfone in an 80% yield.?"1 

The action of sulfuryl chloride upon the magnesium derivative of 
indole gives what was believed to be bis-(f8-indyl) sulfone. The 
a-methyl compound reacted similarly but pyrolle itself gave an un- 
identified product.??* 

A heterocyclic sulfone in which nitrogen and sulfur are both part 
of a ring may be mentioned here.?"? Compounds referred to as “sul- 
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furylindigo” and “sulfurylisatin” are produced by oxidation of the 
benzothiazoline dioxide. 


2 mais: FP id 
re y' 
H H 
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The sulfone linkage enhances the activity of an adjacent olefin bond 
to a marked degree. In most respects the activation is comparable 
to that produced by the keto group in the same position. 

Vinyl Sulfone. Bis-(8-chlorvethyl) sulfone when heated with zinc 
dust or zinc oxide 2 in aleohol slowly loses hydrogen chloride with 
formation of vinyl 8-chlorcethy] sulfone and finally vinyl sulfone in 
good yield. The latter has also been obtained ?”* in 80% yield by the 
action of triethylamine on bis-(@-chloroethyl) sulfone in benzene so- 
lution at ordinary temperatures and by the oxidation of vinyl sulfide 
with perbenzvic acid.?7* It is a liquid d*° 1.1790, b.p. 118-121°/20 
mm. It docs not react with chlorine or hydrogen chloride ?** but adds 
bromine, hydrogen bromide, and iodine readily. Unusual reactivity of 
the double bonds is apparent in the effects of a variety of neutral and 
basic reagents. These are summarized by the accompanying equa- 
tions. 

In a number of instances compounds obtained from vinyl sulfone 
have also been prepared from either vinyl £-chloroethy! sulfone or bis- 
(B-chloroethyl) sulfone. Equations for these reactions are included in 
the list. 


(CH2=CH)2SO02 + 2NaHSO3 — 
(NaOsSCH2CH 2)2802 (100%, , yield) 
CH.=CHS0.2CH2CH2CIl+2NaHSO; — (NaO3SCH 2CH2)2S02+HCl] 


(CH2=CH)2S02 + 2H20 — (HOCH2CH2)2802 (100% yield) 


(CH»=CH)2802 + H20 ““* O(CH:CH)2802 


CH2=CHS02CH2CH2Cl + KOH aah O(CH2CH2)2802 + KCl 


(CH2=CH) 2802 + 2C2H;0H =" (CeHsOCH2CH2)2802 


(CICH2CH2)2802 + 2C2Hs0Na — (C2H s0CH2CH2)2802 + 2NaCl 
(CH2==CH)2SO02 + 2CsH5SH — (CeHsSCH2CH2)2802 
(CICH2CH2)28O02 + 2CceHsSNa — (CgsHsSCH2CH2)-S02 + 2NaCl 
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CICH2CH2SCH==CH2 + 2C2HsSH + NaOH — 
(C2H 59CH2CH 2)2802 + NaCl 
(CH==CH2)28O2 + 2CsHs0H — (CeHs0CH2CH2)2802 
(CICH2CII2)2802 + 2CsHsONa _ (CeHs0CH2CH 2) 2802 + 2NaCl 
(CH2==CH)2SO02 + 2CeHsNHe -_ (CesHsNHCH2CH2)2802 
(CH2==CH)2S02 + HeNCH2COOC2Hs _ 
C2Hs00CCH2N(CH2CH2)2802 
(CH2=CH) 2802 + CeHsNHNH2 — CoHsNHN(CH2CH2)2802 
(CH2==CH)2802 + HeS — S(CH2CHe2)2802 (low yield) 
It was found that no reaction occurred with ammonia, hydrazine, 
formic acid, benzaldehyde, or phthalimide. It was suggested that in 
the reaction of basic reagents with bis-(@-chloroethyl) sulfone the first 
step in the reaction may be formation of an unsaturated compound. 
Halogenated Vinyl Sulfones. «-Chlorovinyl 8-chlorocthy] sulfone 
and similar compounds have been prepared from the corresponding 
sulfides by oxidation with benzoyl peroxide.?”” The intermediate sulf- 
oxide was easily isolated if the proper amount of oxidizing agent was 
used. A trace of bis-(@-chlorovinyl) sulfone has been obtained from 
the permanganate oxidation of bis-(¢,@-dichloroethyl) sulfide.?”8 
Aryl and Alkyl Vinyl Sulfones. The preparation of numerous sul- 
fones of the general formula RSO,CH==-CHz (where R is practically 
any group that is not easily oxidized) by oxidation of the correspond- 
ing sulfides has been described in the patent literature.*”” Rothstein 7°° 
prepared benzyl! propeny! sulfone by the following series of changes. 


CeHsCH2SNa + CICH2CHOHCH3 — CeHsCH2SCH2CHOHCHs3 ee 


CoHsCH2802CH2CHOHCHs ——» 


CeH sCH2802CH2CHCICHs3 anal CeHsCH2802CH=CHCHs3 

A convenient method of synthesizing B-phenylviny! p-tolyl sulfone 
and similar compounds consists of adding p-thiocresol to phenylacet- 
ylene and oxidizing the resulting sulfide with hydrogen peroxide.?%* 


CeHsC=CH + p-C7H7SH —> CeHsCH=CHSC7H7-p 2, 


CeHsCH==CHS0O2C7H7-p 
B-Phenylviny! 2,4-dinitrophenylsulfone has been prepared by the re- 
action shown in the equation.?°? 
2,4-(NO2)2CgH3Cl + CeHsCH==CHSO2Na — 
2,4-(NO2)2CgeHsSO2CH==CHCeHs + NaCl 
Numerous 8-(o-hydroxyaryl)-vinyl aryl sulfones have been obtained 
by the hydrolysis of arylsulfonylpyrones.?®* 
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H 
eS. 
/ \ScsooAr CH=CHSO,Ar 
+ 2Na0OH — + Na2CO3 
ono OH 
0 


Benzyl propeny! sulfone adds water or methanol in the presence of 
a small amount of alkali.**° Boiling the sulfone with potassium hy- 
droxide solution brings about a retrogressive aldol reaction. Ozoniza- 
tion gives benzoic acid. 


CeHsCH2802CH=CHCH; 2°. CgH;SO.CH3 + (CH3CHO), 


The olefin linkage in @-phenylvinyl p-tolyl sulfone 78! reacts nor- 
mally with hydrogen, bromine, potassium permanganate solution, and 
ozone. p-Thiocresol, ethyl malonatc, and phenylmagnesium bromide 
add as they do to the corresponding ketone. There is a yellow addi- 
tion product formed as the first stage in this last reaction just as there 

CoHsCH=CHS80.C;H7 + C7H7SH “4 
CeHsCH (SC7H7)CH2802C7H7 


CeHsCH=CHSO2C7H7 + CH2(COOC2Hs)2 NaOCeH; 


CeHsCH[CH (COOC2H 5)2}]CH2802C7H7 
CeHsCH=CHS0O2C7H7 + CeHsMgBr — 
[(CeHs)2CHCHSO2C7H7JMgBr 
is in the analogous reaction with an unsaturated ketone. This goes 
over to a colorless final product which upon hydrolysis yields the 
8,8-diphenylethyl p-tolyl sulfone. Possible structures for the inter- 
mediate products are indicated by the formulas. 


e) oO 
H 7 H Tt 
(CeHs)2CH C—S—C7H7 aa a 
O 
[+ 
MgBr MgBr 
I 3 
oO 


H 7 
(CeH 5) 2CH ae 7 
O 


| 
MgBr 
I 
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Structure III involves the presence of a ten-electron shell for the 
sulfur, 

Several addition reactions of alkyl and ary] viny! sulfones have been 
described in the patent literature including the addition of sodium bi- 
sulfite,?** thiols, or hydrogen sulfide,?** sulfinic acids,?**> and ammonia 
or amines.257 Equations for these reactions except for the one with 
ammonia have already been written for vinyl sulfone *”* in a preceding 
section. p-Tolyl vinyl sulfone has been found to undergo the Diels- 
Alder reaction with butadiene.?% 


He 
SO2C7H7-p 
p-C7H7S02CH=CH2 + Cas > H 


He 
Allyl Sulfones. An allyl halide reacts rapidly with an alkali sul- 
finate to yield the unsaturated sulfone. Compounds of this type are 
listed in Table XXX. 


TABLE XXX 

SULFINATE ALLYL HALIDE AND REF. M.P. or SutFong, °C. 
CeH;SO.Na C3HgBr !: 2 Oil 
o-CH3C,H,SO.Na C3H;Br 8 Oil 
p-CH3CeH.SO.Na CsH;Cl? 52-53 
2,4-(CH3)2CesHsSO2Na C3Hs5I *® ¢ 52 
a-CipH7SO2Na CsH5Br § 67 
8-CyH7SO.Na C3H,Br § 95 
CeHsCH280.Na CsHsBr . Oil 
(CH3802)2Mg Cs3HgsBr * B.p. 130/15 mm. 
CeH,s(SO2K)2 CsHgI 7 105 


1 Otto, Ann,, 888, 184 (1894). 

2 Tréger and Hinze, J. prakt. Chem., {2] 58, 202 (1897). 

3 Tréger and Budde, idid., [2] 66, 130 (1902). 

4 Tréger and Hille, ibid., [2] 68, 310 (1903). 

5 Tréger and Artmann, tbid., {2} 88, 484 (1896). 

8 Rothstein, J. Chem. Soe., 684 (1934). 

7 Tréger and Meine, J. prakt. Chem., {2} 68, 320 (1903). 

8 Tréger and Voigtlander-Tetzner, ¢bid., {2} 64, 513 (1896). 

Pheny! allyl sulfone is reduced by zine and hydrochloric acid to 
thiophenol. Boiling with alcoholic potassium hydroxide yields allyl 
alcohol and potassium benzenesulfinate.?®* In contrast with this, 
benzy] allyl sulfone with 0.1 N potassium hydroxide adds a molecule 


of water while with 3M alkali benzyl methy! sulfone results.** 
CeHsCH2802CH2CH==CHe + H20 aha CesHsCH2S802CH2CHOHCH3 


CeHsCH2S02CH2CHOHCH; “3 
CeHsCH2S02CH3 + (CH3CHO), 
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Bromine adds normally to phenyl allyl sulfone with formation of a 
dibromide, m.p. 80°. The dichloride has also been prepared.2®* Halo- 
gen acids add in acetic acid solution to give 8-halopropyl phenyl sul- 
fones. The other aryl allyl sulfones listed in Table XXX react with 
halogens and halogen acids in precisely the same manner. 
Unsaturated Cyclic Sulfones. Butadiene and many of its homologs 
react with sulfur dioxide to give amorphous polymcric substances and 
monomeric cyclic olefinic sulfones.2% It is with the cyclic compounds 
that this scetion deals. The reaction has been effected under various 
HC=—=CH 
CHea=CHCH=CHe2 + SO2 > { | 
HeC CHe2 
SS 


Oz 

conditions including the use of saturated aqueous ammonium sulfite 7° 
at 120°, water saturated with sulfur dioxide at room temperature,?*°? 
an ether solution of sulfur dioxide 7° * at 100°, and liquid sulfur di- 
oxide.2"/ From heating 10 g. of isoprene in 100 ml. of ether saturated 
with sulfur dioxide for 5 hours at 100° there results a 60% yield of 
isoprene sulfone.28% 2,4-Hexadiene, trans, trans-1,4-diphenyl-1,3-bu- 
tadiene and cis, cis-1,4-dicarboxy-1,3-butadiene do not react,2°°™ but 
1,3-di-tert-buty]-1,3-butadiene does. 

The crystal structures of several butadiene sulfones have been exam- 
ined in detail.*°%* The solutions of the sulfones in nitric or sulfuric 
acid are highly viscous but precipitation with water gives the original 
sulfone unchanged. 

3,4-Di-p-tolylthiophene is oxidized by perbenzoie acid to the sul- 
fone.2*4© Reduction then occurs in the 1,4-positions. 

The information available concerning the reactions of the cyclic 
olefinic sulfones is unusually large and can be given only briefly. The 
oxidation of butadiene sulfone with peracetic acid in glacial acetic 
acid is slow 2°? and erratic. Numerous addition reactions such as those 
with alcohols, amines, and phenols occur readily in alkaline solu- 
tion.2°8* The a-unsaturated sulfone 28 undergoes the Diels-Alder re- 
action. Upon heating isoprene sulfone to 120-135° decomposition en- 
sues with regeneration of some of the original isoprene. Boiling with 
0.5N sodium hydroxide has no effect. In titration with potassium 
permanganate ‘in neutral solution nearly four atoms of oxygen react 
rapidly with formation of a monobasic acid. A side reaction in which 
sulfuric acid appears also takes place. Treatment of a dry ether solu- 
tion of the sulfone with potassium metal yields an unstable sulfinic 
acid 28° which polymerizes readily. With moist ether a monomeric 
compound is obtained. 
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HC—==CCH3s 
2 | | + 2K — [KO.SCH2CH=C(CH3s)CH=]2 
H2C CH2 
wa 
Ss 
Oz 
HC==—=CCH3 
| | +2K + H20 — (CHs)2C==CHCH2S02K + KOH 
H2C CHe 
\7 
s 
O2 


Hydrogenation can be effected by the use of a nickel and silicic acid 
catalyst in the presence of benzene.?**? 

When isoprene sulfone is in contact with 0.5 N potassium hydroxide, 
ultraviolet light isomerizes it into a compound of m.p. 79°. Both sul- 
fones reduce to the same saturated sulfone.2* It was suggested that 
these are cis-trans isomers but this is highly improbable °°" because 
of the strained condition of the molecule it would necessitate. A more 
reasonable explanation which also accounts for the third isomer re- 
ported later 7°°7 is that the position of the double bond is involved. 
Strong evidence for this theory was obtained from a study of the 
isomeric sulfones from 2-pheny]-1,3-butadiene.2°* The isomerized sul- 
fone reacts as indicated. 


H2C CCo6Hs H,0 
+ 03 ——> CsHsCOCH2CH2SO3H - 
HeC CH 
Sf 


8 
Oz 
The sulfone from 2,3-dimethyl-1,3-butadiene has been carefully 
studied.7°°" Hydrolysis of the dibromide gives the trans glycol while 
by oxidation of the unsaturated sulfone the cis isomer is obtained. 
This with lead tetra-acetate 2° gives diacetony! sulfone, also synthe- 
sized by oxidation of the sulfide. Ozonization of the unsaturated sul- 
fone also gives diacetony] sulfone or a cyclic ether derived from it. 


_ 


H2C CH. BO H.C CH2 HC CH 


Ss i) Ss 
Oz Oz Oz 


4™N 
CH3;—C===C—CH3 9, CH3—CO OC—CH3 CH3C i 
_—__ . 
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Splitting out hydrogen bromide from the dibromide does not give a 
thiophene sulfone as oxidation yields a ketone in which the ring is 
still intact. The yellow color appearing when the ketosulfone is 
treated with alkali may indicate that a thiophene derivative is 

CH3C C=CHe CHsC C=0 


= 
HC CHa HC CHe 
o Sf 
iS) iS) 
Oz O2 
formed ** by enolization. The doubly unsaturated compound would 
not be aromatic in character as the sulfur atom clectrons are not free 


CHsC——-C=0 CHC 
HC CH HC CH 
Te 


Os Oz 
to assist in stabilizing the ring. It may be mentioned here that 
thiophene sulfones are known; examples are those obtained by the 
oxidation of tetraphenylthiophene (thionessal) and 3,4-diphenylthio- 
phene with hydrogen peroxide.?** Unlike most sulfones they are re~ 
duced by hydrochloric acid and zinc in acetic acid solution but not 
with the zinc and acetic acid alone. 

Ozonization of the sulfone from 1,2,3,4-tetramethyl-1,3-butadiene 
gives bis-(a#-methylacctonyl) sulfone. The sulfones from 2-phenyl- 
and 2-tert-butylbutadicne oxidize to keto acids.? 

A number of the unsaturated sulfones have been converted into the 
thiacyclopentane dioxides by catalytic reduction.*°" 


RC: CH RCH——CHe 
a a 
Ly Ges mel, y 
He CHe HeC CHe 
1 os 
s 
Oz Oe 


Reduction of 3-methyl-4-methylenethiacyclo-2-pentene-1,1-dioxide oc- 
curred much more rapidly than for the 3,4-dimethylthiacyclo-3-pen- 
tene, hence the first stage is not addition of hydrogen to the ends of 
the conjugated system. The double bond in the 3-position is more 
stable than that in the 2-position adjacent to the sulfone group. 
Unsaturated Sulfonyl Acids. The isomeric @-phenylsulfonylcro- 
tonic acids have been prepared by reaction of f-chlorocrotonic and 
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B-chloroisocrotonic acids with sodium benzenesulfinate.2°> The sulfone: 
from the chlorocrotonic acid may be converted into an isomer by heat- 


CHsCCl=CHCOONa + CoHsS02Na 


CH3C(SO2CeHs)==CH--COOH + NaCl 
ing the sodium salt to 200-210°. Cold potassium hydroxide solution 
reacts with ethyl 8,8-diphenylsulfonylbutyrate to give this same sul- 
fone. 

CH3C(SO2CeHs5)2CH2COOC2Hs + 2KOH — 

CH3C(SO2CeHs)==CHCOOK + H2O + C2H50H + CyHsSO2K 
These unsaturated sulfones are reduced by tin and hydrochloric acid 
to thiophenol. Bromine does not add to the double bond. 

Sodium hydroxide decomposes propane-1,2-bis- (sulfonylacetice acid) 
to give an unsaturated sulfone.?®* 

CH3CH (SO2zCH2COONa)CH2802CH2COONa + NaOH — 

CH3CH=CHSO2CH2COONa + NaOeSCH2COONa + FeO 
With bromine water this undergoes an unusual degradation yielding 
bis-(tribromomethy]) sulfone. 

CH3CH==-CH2SO2CH2COOH + 6Brz + H20 — 

(CBr3)2802 + COz + [CHsCHO] + 6HBr 
Although the loss of the carboxyl group is to be expected because of 
the instability of brominated sulfone acids, the loss of two carbons 
from the propeny] chain in acid solution is unexpected. 

Unsaturated Ketosulfones. Kohler and Larsen *"? have compared 
the properties of e-phenylsulfonyl-8-benzoylethylene with those of the 
corresponding diketone. The sulfone results from the reaction of so- 
dium benzenesulfinate with 8,8-dibromopropiophenone in alcoholic po- 


CeHsCOCH2CHBre + CeHsSO2Na + CHsCOOK —> 
CeHsCOCH==CHSO2CeHs + NaBr + KBr + CHsCOOH 
tassium acetate, but a more convenient method involves the following 
steps. 
CeHsCOCH2CH2Cl + CeHsSO2Na — 
CeHsCOCH2CH2802CeHs + NaCl 
CeHsCOCH2CH2S02CeHs + Bre 
CeH sCOCHBrCH2S02Ce6Hs + HBr 
CeHsCOCHBrCH2802CeHs + CH3COOK — 
CeHsCOCH=CHSO2CeHs + KBr + CHsCOOH 
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The yield for the first reaction was 68% and was over 90% for each 
of the last two. The saturated sulfone also may be obtained from 
benzenesulfinic acid and phenyl! vinyl ketone. The structure of the 


CeHs8O2H + CeHsCOCH==CH2 — CesHsCOCH2CH2802CoHs 
bromination product was demonstrated by an independent synthesis. 
CeHsCOCHBrCH2Br + CeHsSO2Na — 

CeHsCOCHBrCH2S802CsHs + NaBr 


The yield of bromoketosulfone was 5% by this method. 

The yellow unsaturated kctosulfone obtained in the preparation 
given above isomerizes when exposed to sunlight for 4 hours into a 
colorless isomer. By analogy with the diketones the two compounds 
have the following structures. The cis compound reverts to the trans 
isomer upon treatment with sodium methoxide in methanol or hydro- 
gen chloride in acctic acid. 


SoCo eT 
HC—S0O2CHs CsHsS02.—CH 
yellow, m.p. 114° colorless, m.p. 149° 


Reduction of the cis ketosulfone with zine in dilute acetic acid or 
zinc amalgam in alcohol saturates the olefin bond. With bromine a 
mixture of dibromides is formed which upon treatment with potassium 
acetate gives e-phenylsulfonyl-@-bromo-8-benzoylethylene. The yel- 
low product isomerizes readily in sunlight to the colorless cvs isomer. 
Addition of hydrogen bromide to @e-phenylsulfonyl-8-benzoylethylene 
gives a different compound than is obtained by brominating the satu- 
rated ketosulfone. 


CeHsCOCH==CHSO2CeHs + HBr — CesHsCOCH2CHBrSO2CeHs 


By dissolving the ketosulfone in methyl! alcoholic potassium hydrox- 
ide, adding ice and acidifying, two products are obtained. 


CeHsCOCH=CHSO2Co6Hs + H20 — CeHsCOCH2CHOHSO2CeHs 
CsHsCOCH2zCHOHSO2CoHs — CesHsCOCH2CHO + CeHsSO2H 


The hydroxysulfone, an analog of a bisulfite addition product of an 
aldehyde, is readily decomposed by acids but forms a stable sodium 
salt with sodium bicarbonate. 

Phenylmagnesium bromide adds to the ketosulfone as it does to 
other unsaturated ketones, but this reaction is followed by several 
others. The structure of the unsaturated tertiary alcohol was proved 
by reduction and synthesis of the saturated compound. 
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CeHsCOCH=CHSO2CcoHs + CeaHsMgBr —> 
[CeHsC==CHCH (CeHs)SO2CgH 5] — 
Onan: 
CeHsCOCH=CHCeHs + CoHsSO2MgBr 
CeHsCOCH==CHSO2CeHs + CeHsMgBr > 
(CeHs)2C (OMgBr)CH==CHSO2C6Hs > 
(CeHs)2COHCH=CHSO2CeHs = (CoHs)2C—CHCHOHSO2C.Hs 
CeHsSO2MgBr + CeHsMgBr — (CoHs)280 + O(MgBr)2 
CeHsCOCH=CHCgHs + CeHsMgBr — 
CoHsC(OMgBr)=CHCH (CeHs)2 


(CsHs)2COHCH=CHSO2CiHs + He --> 
(C6Hs)2COHCH2CH2802CeH 5 

CeHsCOCH2CH2802CeHs + CeHsMgBr --> 
(CeHs)2COH CH2CH2S802Co6Hs 
Heating the secondary alcohol produced a small amount of the alde- 


hyde, identified as the phenylhydrazone. 
(CeHs)2C=-CHCHOHSO2CsHs — (CeHs)2C==CHCHO + CeHsS02H 


DI-, TRI-, AND POLYSULFONES 


a-Disulfones. The first a-disulfones were obtained by the action of 
a sulfonyl chloride with a sodium sulfinate.?** 


CeHsSO2Na + p-CH3CeH4SO2Cl — CeHsSO2802CeH4CHa-p + NaCl 
Formation of this same disulfone from benzenesulfony] chloride and 
sodium p-toluenesulfinate confirms the assigned structure.?°* Oxida- 
tion of p-tolyl hydroxymethyl! sulfone *° (from formaldehyde and the 
sulfinic acid) or of a sulfinic acid * with potassium permanganate 
gives up to 40% yields of the corresponding disulfone. 


6p-CH3CeH.SO2H + 2K MnO, — 
3(p-CHgCeH48O02)2 + 2MnO2 + 2KOH + 2H20 


The reaction is best carried out by adding powdered permanganate to 
a cold acetic acid solution of the sulfinic acid. One aliphatic disulfone, 
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that from d-8-camphorsulfinic acid, has been prepared by this 
method.*°*? The a-disulfones described in the preceding refer- 
ences 78-52 are listed in Table XXXI. 


TABLE XXXI 

DIsuLFONE M.P., °C. 
(CeHsSO2)e 193-194 
(p-CH3CeHsS8O2)e 221 (210-212) (decomp.) 
[2,5-(CH3)2CsHsSOz]2 199 
(p-C2HsOCgH,SO2)2 208 (decomp.) 
(d-8-Cy9H150-SOz)2 (camphor deriv.) 138 
CeHSO2802C.H,CH3-p 166 
CeHsSO280.CiH7-8 166 


4,2-(NO2) CH3CeH s802SO02CeI14CH3-p 154 


a-Disulfones are only slightly soluble in most solvents. They are 
unaffected by boiling with water, concentrated hydrochloric acid, or 
dilute alkali. With concentrated or alcoholic potassium hydroxide 2° 
cleavage occurs. Warming with concentrated ammonia also brings 
this about, although the products differ.2°3 With phenylhydrazine 


CeHsSO2S02CcHs + 2KOH — CoeHsSO2K + CoHsSOsK + H20 


only the sulfinate was isolated. Boiling p-tolyl] disulfone with con- 


(p-CH3CeH48O2)2 + 2NH3 — 
p-CHsCeH.zSO2NHe2 + p-CH3CgH.SO2NH, 


centrated nitric acid gives a dinitro compound, not obtained in a pure 


condition, however.® 
B-Disulfones: Preparation. Compounds containing two sulfone 


groups separated by a carbon atom have been found to be of interest 
in at least two ways. Hydrogens attached to the carbon are slightly 
acidic and undergo some of the reactions typical of methylene hydro- 
gen. Sulfones containing two or more ethyl or higher alkyl] groups 
have some value as hypnotics. Typical of these is sulfonal, (CH3)2C- 
(SO2C2Hs5) 2. 

Preparation of the @-disulfones has most frequently been effected 
by oxidation of the disulfides. The yields are low for compounds con- 
taining large alkyl or phenyl groups. All attempts to oxidize bis-(p- 
nitrophenylthiol)-methane to the corresponding disulfone were unsuc- 
cessful, water-soluble sulfonic acids resulting. The results obtained by 
this method are summarized in Table XXXII. 
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SvuLFIDE OxIpIzED 
(CH38)2CHe 


CH;SCIISC2Hs 
(C2H58)eCHe 


(n-C4HyS)2CHe 
(iso-C4H9S)2CHe 
(iso-CsH1)8)eCHe 
(CeHsCHS)2CHe2 
CeHsCH»SCH2SC2Hs 
CelIgSCHgSCHs 
CeHsSCHSColls 
CeH;SCH 28CsH 1 y-iso 
CellsSCH2SCH2CeHs 
p-CH3CeH«SCH.SCH3 
(CeHsS)2CHe2 


(CH3S)eCHCHs 
(CgHsS)sCHCHs3 
(iso-CgH1S)eCHCH3 
(CeHsCH2S)seCHCHs 

Cell 58CH (CH3)SCH3 
(CeHsS)2CHCH3 
CesH,SCH(CH3)SCH2CeH, 
(CH3S)2CHC2Hs 
(C2H5S)eCHC2Hs 
(igo-C5H1:S)eCHCeHs 
CoHsSCH (CeHs)SCeHs 
iso-C5H1;SCH (CeHs)SCsHs 
CeHsCH2SCH (CaHs)SCsHs 
(CHsS)2C(CHs)2 
(C2H5S)2C(CHs)2 
(i80-C4H9S)2C(CH3)2 


(iso-C5H11S)oC (CH3)2 


(CeHsCH28)2C(CHs3)2 
(CeHsS)2C (CH3)2 
(CeH5S)2C(CH3)CH.Cl 
(CH38S)2C(CH3)C2Hs 
(C2H5S)2C (CH3)CoHg 
(CH3S)2C(CH3)CHCICHs 
(C2H5S)2C(CH3)C3H7-n 
(CH3S)2C(C2H5)2 
(C2H5S)2C(C2Hs)2 
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TABLE XXXII 


REAGENT AND 


ReFERENCE 


REAcTION 
Data 


1% KMn0O,4!'* Nearly 100% 


1% KMn0O,? 
lor5% 
KMnO,* 8 


H,02inAcOH ” 


CrO; 4 
KMn0, 6 
KMnQ,° 

1 KMnQ,? 
KMnQ,* 
1% KMnQ,$ 


1% KMnQ,* § 


KMnQ, ® 
KMn0O, 
KMnO,?* 
KMnO,? 
CrO3 uw 


KMn0O, Te 3s 18 


KMnO, *® # 
KMnOQ, ¢ 


KMnQ, * ° 
KMnQ, 7 
KMnOQ, 
KMnOQ,!+? 
KMn0O, * 
KMnO, * 
KMnQ, 8 
KMnQ, . 
5% KMn0,! 
5% KMnO,! 
KMnQ, ¥ 


KMnO,** 


KMnQ, s 
KMnO, * 
KMnOQ,"" 
5% KMnO,! 


KMn0O, !+® 16 


KMnQ, * 
KMnQ, ** 
KMn0O, 1 


yield 
High yield 


Acid sol., 


high yield 


13% yield 
Acid sol. 
Acid sol. 


Acid sol. 

18% yield 
Acid sol. 
Acetic aiid sol. 


Neutral sol. 
Neutral sol. 
Very small 
yield 
Very small 
yield 
Dil. H2SO4 
Acid sol. 
Neutral sol. 
Neutral sol. 
Dil. H2SO4 
Neutral sol. 


KMn0O,!: % 3 Neutral sol. 


M.P. oF 
Disutrong, °C. 


142-143 


94-95 
104 


172-174 
147 
110-111 
86-88 
145-147 
158 
120-121 


144 


145 
173-174 
118 
127-128 
64 


72 
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TABLE XXXII (Continued) 


REAGENT AND REACTION M.P. or 
SutFipe OxipizEp REFERENCE Dara DisuLFone, °C. 

(C2H58)2C(CH3)CsHo-n KMnOg® dee ee 
(CoHsS)eC(C3H7-n)2 KMn0O, # Poor yield 109.5 
(CoH 5S) oC (CgH7-n)CsH7-iso KMn0O, ® Poor yield 91 
(CoH5S)2C(C3H7-iso)2 KMn0O, 5 Poor yield 97 
(CoH sS)o-=CgHin-cyclo KMnOQ, # Poor yield 121 
(C2H,S8)2C(CH3)CH2CgHs 5% KMn0O, “ 28% yield 125.5 
(CeHsCH2S)2C(CH3)COC2H, KMn0O, * Acid sol,  —.,..... 
(CaH5S)eC(CH3)o KMnO,"* Acid sol. 182 
(CeHs5S)2C(CH;)CH2COOC2H, KMnQ, Acid sol. 98-99 


(CeHs8)2C(CH3)CH2CH2COOH KMnO, * Acetic acid sol. 140 
(CeHsS)2C(CH3)CH2CH2COOC2Hs KMn0,4 4 Acetic acid sol. 112-113 


(CsHs8)2C(CHs)CH(CHs)COOC2Hs KMnQy* i... 130 
(CeHsS)2C(CH3)CH (C2Hs)COOC2Hs, KMnO, 2 Acid sol. 111 
CH, 
yeNe 
_>C(CHa)2 5% KMnO,* Acid sol. >300 
OP as 
CH, 
CH, 
oN 
HCsHs 5% KMnO,* Acid sol. >300 
CHe 


1 Baumann and Kast, Z. physiol. Chem., 14, 55 (1890); Baumann, Ber., 88, 1875 (1890). 
3 Fromm, Ann., 268, 135 (1889). 

3 Gibson, J. Chem, Soe., 2637 (1931). 

4Stutz and Shriner, J. Am. Chem. Soc., 68, 1242 (1933). 

5 Stuffer, Ber., 88, 3231 (1890). 

6 Posner, Ber., 85, 296 (1903). 

7 Fromm, Forster, and Scherschewitski, Ann., 304, 344 (1912). 

8 Fromm, Ann., 258, 140 (1889). 

9 Kecalee and Baumann, Ber., 19, 2815 (1886). 

10 Otto and Mihle, Ber., 38, 1121 (1895). 

4 Shriner, Struck, and Jorison, J. Am. Chem. Soc., 68, 2060 (1930). 
22 Recsei, Ber., 60B, 1420 (1927). 

13 Ramberg and Samén, C.A., 88, 6103 (1934). 

44 Ogata and Ito, J. Pharm. Soc. Japan, No. 409,209 (1916); C.A., 10, 1646 (1916). 
18 Stuffer, Ber., 38, 3226 (1890). 

16 Baumann, Ber., 19, 2808 (1886). 

17 Autenrieth, Ber., $4, 171 (1891). 

18 Bayer and Co., German pat., 49,073, Fral., 2, 521. 

19 Posner and Fahrenhorst, Ber., 88, 2755 (1899). 

20 Bayer and Co., German pat., 49,366, Frdl., 2, 523. 

21 Hildebrandt, Arch. exp. Path. Pharmakol., 68, 92 (1905). 

33 Schaum,’ Schaeling, and Klausing, Ann., 411, 192 (1916). 

% Autenrieth, Ann., 262, 367 (1890). 

% Posner, Ber., 84, 2652 (1901). 

% Posner, Ber., 38, 499 (1902). 

% Autenrieth and Hennings, Ber., 84, 1772 (1901). 

37 Bohme, Ber., 69B, 1610 (1936). 
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An ingenious method for preparing the sulfones with different alkyls 
attached to the two sulfur atoms is to condense pyruvic acid succes- 
sively with different thiols and then oxidize the resulting product. 
The mixed disulfides from pyruvic acid are more easily obtained than 
are those of acetaldehyde. Upon oxidation the carboxyl group is 
lost.2° Since the presence of even one sulfone group in the @-position 
facilitates loss of carbon dioxide from a carboxylic acid, the more pro- 
nounced effect of two such groups is understandable. The sulfones in 
Table XXXIII have been prepared by this pyruvic acid method. 


CH3 RS CHs3 
va Sf 
OC + RSH + R’SH — EX + H20 
COOH R/S COOH 
RS CHs3 
SSH 
3 C + &8KMn0O,4 + H20 — 
foo 
R’S COOH 
3CH3CH (SO2R)SO2R’ + 3K2CO3 + 8MnO2 + 2KOH 
TABLE XXXIII 
D1svuLFONE M.P., °C. 
CH;CH (SO2C2H;s)S802C6Hs 97-99 
CH;3CH (SO2C5H1;)SO2CesHs 84-86 
CH;CH (S02CH,CsHs)SO2CsHs 144 


Bis- (p-tolylsulfonyl)-methane has been prepared by hydrolysis of 
the corresponding acetamide derivative; *°° carbon dioxide is lost also 
in this reaction. 


(p-C7rH7802)2CHCONH2 —> (p-C7H7802)2CHe + NHs + COz 


Oxidation of trithiodrthoformates with permanganate in acid solu- 
tion produces a disulfone as one of the reaction products. Thus ethyl 
trithiodrthoformate yields bis-(ethylsulfonyl)-methane ** and benzyl 
trithioérthoformate is converted into bis-(benzylsulfony])-methane.®> 
Because of the side reactions which occur this is, however, hardly to 
be recommended as a general preparatory method. 

Oxidation of the tetrasulfide, CHsC (SCH2CgHs)2CH2C (SCH2Ce- 
Hs)2CHz, with permanganate in dilute sulfuric acid gives a disulfone 
with loss of two sulfur atoms.*°* 


[CH3C(SCH2CeHs)2]eCHe2 — CH3C(SO2CH2CeHs)2CH2COCHs 
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Since @-ketosulfones are convertible into f-sulfidosulfones (see p. 
723) oxidation of the latter has been utilized to prepare 8-disulfones. 
Hydrogen peroxide or potassium permanganate is a satisfactory re- 
agent,®°7 

a-Amino-£,6-bis-(phenylsulfonyl)-propane is obtained in small 
yield by hydrolysis of the phthalimido compound with hydrochloric 
acid *°* at 180-190°. The action of methylmagnesium iodide upon 


(CeH5SO02)2C(CH3)CH2N(CO)2CeH4 + H20 — 
(Cel158O2)2C(CHs)CH2NHe + CeH4(COOH)2 
benzenesulfonyl fluoride °° and the p-ethy! derivative give small yields 
(1-10%) of the corresponding bis-(arylsulfonyl)-methanes. 
B-Disulfones: Reactions. In regard to their chemical behavior 
B-disulfones may be divided into two classes, depending upon the pres- 
ence or absence of hydrogen on the carbon subtended by the sulfone 
groups. The former compounds undergo reactions with a number of 
reagents whereas the latter are unusually inert. 
Bis-(etlrylsulfonyl)-methane is readily alkylated **° with methyl 
iodide and aleoholic alkali to mono and dimethyl derivatives. 
(CeHsSO2)2CHe + 2CH3I + 2KOH — 
(C2HsSO2)eC(CHs)2 + 2KI + 2H29 
Similar methylations have been carricd out with bis-(n-butylsul- 
fonyl) -methane,3*! bis-(phenylsulfonyl)-methane,*°!"> phenylsulfon- 
ylbenzylsulfonylmethane,?’* bis- (benzylsulfonyl)-cthane,??_— «,a-bis- 
(ethylsulfonyl)-ethane,?* #18 bis- (ethylsulfonyl)-phenylmethane,?*° 
and «-ethylsulfonyl-«-phenylsulfonylethane.*** This last compound °° 
has also been ethylated with ethyl iodide as has a,e-bis-(ctliyl- 
sulfonyl!) -ethane.**° #18 p-Tolylsulfonyl-p-ethylearboxyphenylsulfonyl- 
methane has been benzylated.°°*? Attempted methylation of «,a,y,y- 


p-C2H s00CCoH4SO2CH 2S02CgH4CH3-p+ CoHsCHol +Na0C2H 5 
p-CoH sO00CC.H,4SO2CH (CH2CeH5)SO2Cs5H4CH 3-pt+ Nal + C2H 50H 


tetra (ethylsulfonyl) propane *"* yields sulfonal with loss of the meth- 
ylene group, probably as formaldehyde. This is a reversal of the 
reaction obtained by long heating of the bis-(ethylsulfonyl)-methane 
with formaldehyde in neutral solution. 

Somewhat analogous to an alkylation reaction is the behavior of 
B-disulfones toward thiolsulfonates in alcoholic sodium ethoxide.%°7 
B-Disulfones do not react with benzenediazonium chloride or nitrous 


CHsSO2CH28O02eC2Hs + CeHsSO28CoeHs + NaOCoHs _ 
CH3S02CH (SCgHs)SO2C2Hs + CoHsSO2Na + C2H;0H 
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acid. Of several aldehydes tried formaldehyde is the only one that 
reacts,®1* 

The acidity of 8-disulfones as evidenced by their alkylation and 
their solubility in aqueous alkali has caused considerable discussion. 
They are actually very weak acids, the ionization of bis-(cthylsul- 
fonyl)-methane amounting to 0.1% in 1N solution. It has been 
pointed out °° that in contrast to the @-diketones the acid properties 
cannot be due to enolization without assuming the existence of a ten 
electron shell for the sulfur atom and hence that the ionic charge is 
probably on the carbon atom. If this is correct it should be possible 
to prepare an optically active 8-disulfone which does not racemize so 
readily as do the compounds where racemization proceeds through 
enolization. All attempts to obtain such a sulfone have so far been 
unsuccessful. Kipping *°*> found that the acid p-CH3C,H,SO.CH- 
(CH.zCegH;)SO2CgeH4COOH-p and other similar disulfones could not 
be resolved by any of the usual methods. Furthermore, although the 
sulfide-sulfone CH3CyH,SCH (CHy)SO2CgHyCOOH could be resolved, 
it racemized readily and oxidation of either form gave the same in- 
active disulfone. Closely similar results were obtained with a-phenyl- 
sulfonyl-g-p-carboxyphenylsulfonylethane.**® A disulfone with no hy- 
drogen on the carbon between the two sulfone groups was, however, 
resolvable. This compound was obtained as indicated by the equa- 
tions. 
p-CH3CeH.SO2CH (CH3)SO2CeH4COOCeHs + 

CoH sSO2SCeHs + CoHsONa — 
p-CH3CeH.SO2C(CH3)(SCeHs)SO2Ce6H,COOC2H5 + 
CeHsSO2Na + Ce2Hs0H 

p-CH3CeH.SO2C(CHs) (SCeH5)SO2CeHzCOOCoH5 + Na0QH md 

p-CH3CeH4SO2C(CHs) (SCeHs)SO2CeH.zCOONa + C2Hs0H 
It may be concluded from the results so far reported that an enoliza- 
tion of the 8-disulfones is responsible for their solubility in alkali and 
their racemization; that the sulfur atom may exist, at least tempo- 
rarily, in a pentacovalent state. 

As is implied by the foregoing, @-disulfones do not undergo cleavage 
with alkali as do the y-compounds taken up later. It has been ob- 
served, however, that ethyl 8,8-diphenylsulfonylbutyrate *** loses one 
sulfone group when treated with cold concentrated alkali. 
(CeHsSOz2)2C(CH3)CH2COOC2H5 + 2KOH —> 

CeHsSO2C(CH3)==CH COOK + CeHsSO2K + C2H50H + H20 
It is evident that the carboxyl group has an activating effect. 
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The methylene hydrogen of @-disulfones is readily replaceable by 
halogen. Aqueous chlorine or bromine, or iodine in potassium iodide 
reacts with bis-(ethylsulfonyl)-methane #°#!? to give the dihalogen- 
ated product. Bis-(methylsulfonyl)-methane has been dichlorinated 
and a,a-bis-(methylsulfonyl)-ethane has been iodinated in similar 
fashion.*’** In a bromination of a,a-bis-(ethylsulfonyl)-ethane it was 
noted *'* that sunlight markedly accelerates the reaction. A study of 
the kinetics of the bromination in aqueous solution ®** showed the re- 
action to be bimolecular even when bromine is present in excess, in- 
dicating that enolization of the sulfone is not an intermediate step as 
it is with ketones. 

Chlorination of bis-(ethyltsulfonyl) -methane *°%¢ and a,a-bis- (ethyl- 
sulfonyl)-ethane **4 has been effected by treatment with benzenesul- 
fony] chloride. Whether or not a second halogen can be introduced 
in this manner has not been reported. 


CHsCH (SO2C2H5)2 + CeHsSO2Cl + NaOCeHs — 
CHsCCl(SO2C2H5)2 + CsHsSQO2Na + C2H50H 
The reactions of these halogenated disulfones are of considerable 


interest. Bis-(n-butylsulfonyl) -dibromomethane with aqueous potas- 
sium iodide liberates iodine.*4+ Boiling bis-(ethylsulfony]) -dibromo- 


(CaH 9SOz)2CBre + AKI + 2H20 =? 
(C4HoSO2)2CH2 + 212 + 2KBr + 2KOH 


methane or 2,a-bis-(ethylsulfonyl}-e-bromoethane in part regenerates 
the sulfone, sulfuric acid and a sulfonic acid being the oxidation prod- 
ucts. No keto or hydroxy compound was isolated. a,#-Bis-(ethyl- 
sulfonyl)-e-bromoethane *"° reacts with ethanethiol or thiophenol in 
alkaline solution to give the disulfide. With aniline colored unidenti- 
fied oxidation products were found. Aqueous ammonia, sodium ace- 
tate, and potassium thiocyanate all replace the. bromine with hydrogen. 
Bis- (ethylsulfony])-diiodomethane reacts with ethyl sodiomalonate *” 
as follows. 


(CoH 5802)2Cle + 2NaCH (COOC2Hs)2 =— 
(C2H5SO2)2CHe + [==C(COOC2Hs)]e + 2Nal 


As mentioned earlier, the completely alkylated sulfones are chem- 
ically unreactive. No change occurs upon boiling with alkali or dis- 
solving in concentrated sulfuric acid ** and no reaction occurs with 
the halogens. Certain of these compounds are, however, of some value 
as hypnotics. ,8-Bis-(methylsulfonyl)-propane is inactive but re- 
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placing the methyls by ethyl groups gives compounds of increasing 
physiological potency.**?. Ethyl sulfone has no effect even in large 
doses and bis-(methylsulfonyl)-methane, bis- (ethylsulfony])-methane, 
«,a-bis-(ethylsulfonyl)-ethane, «,«-bis-(ethylsulfonyl)-propane, and 
w,w-bis-(ethylsulfony])-toluene are either inactive or produce unde- 
sirable physiological effects along with their hypnotic action. If the 
hypnotic effect of sulfonal, (C2HsSO2)¢C (CHa), is given the value of 
unity, that of tetronal, (C2Hs)2C(SO2C2Hs5)0, is ten and of 8,8-bis- 
(ethylsulfony])-heptane is twenty-five.s*, The disulfone from cyclo- 
hexanone, CgHi9(SO2C2Hs) 2, is equal in effect to tetronal. 

Small amounts of sulfonal may be detected either by fusion with 
potassium hydroxide and noting the color changes upon cooling and 
dissolving in water or by reduction with sodium and applying the 
nitroprusside test for the thiol group °?° to the reaction product. Sul- 
fonal and the more highly ethylated compounds are partly unchanged 
in the body and are partly oxidized to ethanesulfonic acid. Fuchs *** 
has given a review of the usefulness of sulfonal and others of the 
earlier-known hypnotics. 

Quinonedisulfones. An interesting class of 8-disulfones is that ob- 
tained by oxidizing the condensation products of quinones and thiols.3*5 
The dark violet benzoquinone disulfone, m.p. 84°, is easily reduced to 


O HsC2S  SC2Hs HsC2028 SO2C2H5 
| \Z Me 


ss () Ss [I 


| 
I I | 
O O O 
a colorless oil which is reoxidized by the oxygen of the air. The re- 
maining keto group of the quinone does not react with hydroxylamine, 
semi-carbazide or phenylhydrazine except that the last-named sub- 
stance causes reduction. Bromine reacts readily to give a tetrabromo- 
quinone which then adds four more atoms of bromine at 100°. 1,4- 
Naphthoquinone has also been used in preparing a disulfone. 
y-Disulfones: Preparation. Attempts to prepare f-disulfones by 
reaction of a methylene halide with an alkali sulfinate °° have been 
unsuccessful but when the halogens are not attached to the same car- 
bon atom, reaction generally occurs in a satisfactory manner. 
Below are listed the disulfones derived from ethylene bromide by 
boiling with a sulfinate in aleochol. Attempts to obtain a disulfone by 
heating sodium ethanesulfinate with propylene bromide have been un- 
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successful but after four days’ boiling of an alcohol solution of propyl- 
ene bromide and sodium benzenesulfinate *27 some of the disulfone 
was obtained. Similar results were reported for sodium p-toluene- 
sulfinate with propylene bromide and sodium benzenesulfinate with 
B-butylene bromide and with isobutylene bromide. 


TABLE XXXIV 


SuLFONES FROM ETHYLENE Bromine 


Sulfinate and Reference Disulfone, M.P., °C. 
CoHsSO.Na 1 136.5 
CeHsSO2Na *: 3 179 .5-180 
p-ClCel4SO2Na “7 255, 237-238 
p-BrCgHgSO2Na * 261 
m-OoNCeHySO.Na > 226 
p-CH3CeH,SO2Na * 200-201 


1 Otto, J. prakt, Chem., (2) 86, 437 (1887). 

2 Otto, Ber., 18, 1280 (1880). 

41 Otto, J. prakt. Chem,, |2] 80, 174 (1884). 

4 Tréger and Budde, ibid., [2] 66, 139 (1902). 

§ Limpricht, Ann., 294, 244 (1897). 

8 Otto, J. prakt, Chem., [2] 80, 354 (1884). 

7 Purgotti, C.A., 18, 2515 (1919). 

Heating 1,1,1-trichloroethane with sodium benzenesulfinate in alco- 
hol at 130-140° for 8 hours unexpectedly yields «,@-bis-(phenylsul- 


fonyl)-ethane as the chief product.**® This disulfone also results from 
CH3CCls + 3CeH sSO2Na + H20 —p 
(CH2802Cb6H5)2 + 3NaCl + CeHsSO3H 


1,1,2-trichloroethane **° or sodium «@,a-dichloropropionate.®*° 


CH3CClzCOONa + 2CeHsSO2Na + H20 
(CH2802C¢6Hs)2 + NaHCO3 + 2NaCl 


Sulfones have been obtained without difficulty by the action of 
sodium 1,2-ethanedisulfinate with methyl, ethyl, and n-propyl bro- 
mides.®*? : 


(CH2802Na)2 + 2C2H;Br a (CH2802C2H5)2 + 2NaBr 


Several y-disulfones have been obtained by oxidation of the corre- 
sponding disulfides. This reaction has its limitations, however, for 
although a,@-bis-(ethylsulfonyl)-ethane **? and «,@-bis-(phenylsulfo- 
nyl) -propane *** have been prepared by oxidation of the sulfides with 
potassium permanganate, an attempt to prepare a,@-bis-(ethylsulfo- 
nyl)-propane in this manner was unsuccessful. In this instance the 
disulfide was not isolated in a pure state, however, and this may have 
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been responsible for the disulfone not being obtained. «,8-Bis-(phen- 
ylsulfony])-ethane has also been prepared by oxidizing the sulfide with 
chromic acid #* and by oxidizing «,a,8-tris-(phenylthiol)-ethane with 
3% potassium permanganate in acid solution.?*® The oxidation of 
a.B-bis- (p-nitrophenylthiol)-ethane with chromic acid in glacial acctic 
acid gives the sulfone in 75% yicld.‘8* a,8-Propylene bis-(sulfony]- 
acetic acid) and many similar compounds have been obtained in satis- 
factory yield by permanganate oxidation of the disulfide.**5 This re- 
agent. is also useful in the preparation of cyclic disulfones *** such as 
those shown. 


CH2—SO2z—CHz2 SO2z—CHe jae SO2—CH2 
ei CH3CH | (CH3)2C 
CH2--SO2—CH2z SO2z—CHa2 SO2—CHe SO2—CHe 


When a,8-di-p-tolyl ethylene disulfide is treated with a nitrating 
mixture °*? there is obtained first a dinitro and then a tetranitro di- 
sulfone. The unsubstituted disulfone was prepared by chromic acid 
oxidation. a-Bromo-8,y-bis-(phenylsulfonyl)-propane results from 
acid permanganate oxidation of the disulfide.** 

y-Disulfones: Properties and Reactions. The y-disulfones are high- 
melting, stable compounds which are unaffected by acids or by bro- 
mine. Phosphorus pentachloride reacts slowly with ,8-bis-(phenyl- 
sulfonyl)-ethane, and with chlorine even in diffused light a mixture of 
products results including sulfuryl chloride, ethylene chloride, benzene- 
sulfonyl chloride, and chlorine derivatives of benzene.®*° In direct 
sunlight all the sulfur is converted into sulfury] chloride. 

y-Disulfones are sharply differentiated from all other disulfones 
by their cleavage into an alcohol and sulfinate by alkali (Stuffer’s 
rule).#48:889 The reaction is slow for a,8-bis-(phenylsulfony])-eth- 
ane; **4 this requires eight days at 100° with dilute alkali. Ethylene 


(CeHsSO2CH2)2 + NaOH —. CyH;S02CH2CH20H + CeHsS02Na 
bis-(sulfonylacctic acid) reacts somewhat more rapidly.8¢° With pro- 


(CH2S02CH2COONa)2 + NaOH — 
Na02SCH2COONa + HOCH2CH2802CH2COONa 
pylene bis-(sulfonylacetic acid) an unsaturated sulfone is formed.**® 


CHsCH (SO2zCH 2COONa)CH2802CH2COONa + NaOH -> 
CH3CH=CHSO2CH2COONa + NaO2SCH2COONa + H20 
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The reaction of acids of this class (as their sodium salts) with dilute 
alkali is bimolecular **** for hydroxyl-ion concentrations between 10-3 
and 10°°; the value of K increases with decreasing basicity of the so- 
lution. These acids also decompose in acid solution at 100° but here 
loss of carbon dioxide occurs and the rate decreases with increasing 
acidity of the solution. 

Cleavage of y-disulfones is also brought about by ammonia or ethyl- 
amine but not by aniline.*®® The @-phenylsulfonylethylamine reacts 
with more disulfone to give the secondary amine. 


(CeHsSO2CH2)2 + 2NH3 — CeHsSO2NH, + CoHsSO2CH2CH2NH2 


Since the primary products arc a sulfinate and an alcohol, the cleav- 
age of y-disulfones by sodium amalgam must be due to the alkaline 
solution rather than the reducing action of the amalgam. Aqueous 
potassium cyanide converts 2,@-bis-(phenylsulfonyl)-ethane into po- 
tassium benzenesulfinate and ethylene cyanide. The latter was largely 
hydrolyzed to succinic acid. Potassium hydrogen sulfide also reacts 
with this disulfone but the products were not determined. Vigorous 
oxidation with potassium permanganate yields benzenesulfonic acid, 
carbonic acid, oxalic acid, and sulfuric acid.*** 

y-Disulfones in which the sulfur atoms form part of a ring system 
undergo cleavage with alkali just as do the chain compounds. Thus 
the 1,3-dithiacyclopentane tetroxide reacts as follows.5%® 


SO2—CHa2 SO2Na 
CHe + NaOH <> ~ 
SO2—CHa2 S02CH2CH20H 


The free acid loses sulfur dioxide readily. 1,4-Dithiane tetroxide is 


HO2SCH2S8O2CH2CH20H —» CH3SO2CH2CH20H + SO2 


likewise hydrolyzed in alkaline solution.5*2)5%*.3#¢ Here hydrolysis 
occurs at both sulfone groups. 


CH2—SO2—CH2 yo CH20H CH2S02H go 
2 0, , 


| —> 
CH2—SO2—CH2 CH2SO02—CHe2 
CH20H 


| 
CH2SO2H 


As will be seen later trisulfones having sulfone groups separated by 
two carbon atoms behave similarly. 


+ (CH20H)2 + (CH2802H) 
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The remarkable observation has been made by Waldron and 
Reid #8 that the reduction of ¢,8-bis-(p-nitrophenylsulfony!)-ethane 
with tin and hydrochloric acid apparently gives a diamino compound 
in which one sulfone group has been reduced to a sulfide. Since there 
is no other example on record of the easy reduction of a sulfone to a 
sulfide this reaction deserves further study. Purgotti **?? has reported 
that ,8-bis-(p-chlorophenylsulfony])-ethane is cleaved into two moles 
of methyl p-chloropheny! sulfone by zine and hydrochloric acid. No 
other sulfones of this type have shown this behavior and the experi- 
ment should be repeated. 

Arylene Disulfones. A number of sulfones are known which have 
both sulfur atoms attached to the same aromatic nucleus. The other 
groups may be alkyl] or aryl. They have been prepared for the most 
part by a suitable modification of general methods already described 
such as the alkylation of a silver **? or potassium °** disulfinate, oxida- 
tion of a sulfide *4?8-544 or of a sulfoxide,**® and the reaction of an 
alkali sulfinate with an activated aryl halide.*¢6 


OoAg O2CH3 
+ 2CH3I — + 2Agl 
Ag SO2CH3 
Cl Cl 
SCH3 O2CH3 
+ 2H 202 -_ + 2H20 
SO2C2Hs5 SO2C2H5 
3m-CeHa(SCFs)2 + 8CrO3 — 3m-CeHa(SOoCFs)2 + 4CreO3 
CeH5SO CeHsSO2 
OOCCH3 OOCCH3 
_ 
CH3CO! ae 
ere 
ae 


ArSO2Na + (° &. + NaCl 


oo SO2CeHs 
p-C7H 7802 


on Oz 
2p-C7H7SO2Na + > + 2NaCl 
Cl p-C7H780. 


NO2 NO2 


MISCELLANEOUS SATURATED DISULFONES 747 


The marked activating effect of sulfone groups ortho and para to 
halogen forms the basis for patents on the synthesis of aminosul- 
fones.*47 With alkali a phenol is formed.*42® 


Cl ' NHe 
SO2C2Hs5 130-135° SO2CoHs 
+ 2NH3 —-—> + NH,Cl 
SOeC2Hs SO2CeoHs5 


The activation is evident also in nitrodisulfones as indicated by the 
equations.®*¢, 848 


NO2 NHo 
SO2CeHs SOeCe6H 5 
+ 2NH3 — + NH4NOe2 
SO2Ce6Hs SO2CeHs 
SO2C7H, 
N Oz 
+ 2C;H7SO2Na — 
C7H7S0O2' 
NO2 
$02C7H7 
+ 2NaNOg 
C7H7S802 
SO2C7H7 


On the other hand 2,4-bis- (phenylsulfony]l)-toluene does not condense 
with benzaldehyde whereas the presence of one nitro group and a 
phenylsulfonyl group does induce the reaction.** 

Miscellaneous Saturated Disulfones. Disulfones in which three or 
more carbon atoms intervene between the sulfone groups differ but 
little from monosulfones in either methods of preparation or reactions. 
Several such disulfones have been obtained in high yields by perman- 
ganate, chromic acid, or hydrogen peroxide oxidation of the corre- 
sponding sulfides. The «a,y-bis-(nitrophenylsulfonyl)-propanes of 
Table XXXV were prepared in the course of synthesizing a series of 
azo dyes suitable for determining the effect of the sulfone group on 
the color of the dyes. The sulfide needed to prepare a,y-bis-(ethyl- 
sulfonyl)-propane was obtained as a by-product in the reaction of 
ethanethiol upon trimethylene chlorobromide in the presence of alkali. 
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TABLE XXXV 
SULFIDE OXIDIZED AND REFERENCE M.P. or Suuroneg, °C. 
CH3S(CH2)3SCHs3! 155 
C2oHsS(CHe2)3SCH3 * ? 184 
C2H;S(CHe)3SC2Hsg * 181-182 
CeHsCH2S(CH2)3SCH2CeHs * * 189 
2-NO2CegH«S(CH2)3SCgeH,NO-z-2 8 156-157 
CeHsS(CHa2)3SCeHs * 127-128 
4-NO2CeH4S(CH2)3SCeHiNO--4? 208 
CeHsCH2S(CH2)sSCH2CoHs * 162-163 
CeH;sSCHCH2CHSCsHs 4 
| 232-233 
He—CH. 
CsH;SCH2CH(CH3)CH—CH2—CH—SCe¢H; 4 
: 236-237 


CH,—CH,—CHCH; 


1 Autenrieth and Wolff, Ber., 82, 1368 (1899). 

2 Stuffer, Ber., 28, 3234 (1890). 

3 Otto, J. prakt. Chem., [2} 61, 293 (1895). 

4 Posner, Ber., 38, 656 (1905). 

5 Autenrieth and Geyer, Ber., 41, 4254 (1908). 

¢ Fromm, Benzinger, and Schafer, Ann., 8394, 327 (1912). 

7 Waldron and Reid, J. Am. Chem. Soc., 46, 2411 (1923). 

* Foster and Reid, ibid., 46, 1944 (1924). 

® Kretov and Toropova, J. Gen. Chem. (U.S.S.R.), 7, 2009 (1937); C.A., 88, 518 (1938). 


A few disulfones have been prepared from trimethylene bromide and 
an alkali sulfinate. 


TABLE XXXVI 
SULFINATE AND REFERENCE M.P. or SuLFONE, °C. 
CesH;SO2Na! 127-128 
o-CH3CsH,SO2Na ? Oil 
p-CH3CaH4SO2Na ? 124-125 
B-CiypH7SO2Na 4 145 


1 Suffer, Ber., 88, 3234 (1890). 

2 Tréger and Voigtlinder-Tetzner, J. prakt. Chem., (2] 64, 528 (1896). 

3 Otto, Ber., 94, 1834 (1801); J. prakt. Chem., (2] 62, 206 (1895). 

4Tréger and Artmann, tbid., [2] 68, 493 (1896). 

None of these compounds reacts with dilute aqueous alkali but al- 
coholic potassium hydroxide at 120° has been shown *"° to react with 
a,y-bis-(phenylsulfonyl)-propane and the p-tolyl analog as shown in 


the equation. 
2CeHs8O2(CHe)sSO2eCsHs + 2KOH — 
(CeHs802CH2CH2CH2)20 + 2CeHsSO2K + H20 


The reduction of «,y-bis-(o-nitrophenylsulfonyl)-propane with iron 
and acetic acid gives a compound which analyzed correctly for the di- 
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amino disulfide,** (NH.CsH,SCH2)2CH». This unusual reduction of 
the sulfone group deserves further investigation. 

Unsaturated Disulfones. Unsaturated disulfones are readily pre- 
pared by oxidation of the corresponding sulfides **? with hydrogen 
peroxide or even potassium permanganate without attacking the olefin 


p-C7H;SCH=CHSC7H7-p + 4H202 > 
p-C7H7SO2CH=CHSO2C7H7-p + 4H2O 


linkage provided this is adjacent to even one sulfur atom.3® 


Cc Osama 


SCH=CH2 SO2CH=CH2 


a,y-Disulfonylpropenes have been prepared in a number of ways.**4 
The most satisfactory procedure is shown in the equations; a mixture 
of isomers results. 
s PCls 
CeHsSO2CH2CHOHCH2S8O02Ce6Hs —> 


CoH sSO2CH2CHCICH2SO2C¢H5 CsHN 


C2H;SO2CH=CHCH2802CeHs = C2HsSO2CH2CH=CHSO2CeHs5 


a,8-Bis-(p-tolylsulfony])-ethylene *** is reduced by zine and acetic 
acid to the saturated disulfone. With phenylhydrazine cleavage occurs. 


(p-C7H7SO2CH=)2 + 2CsHsNHNH2 —_ 
p-C7H7SO2CH2CH=N—NHCoHs + p-C7H7SO2Hs NNHCeH5 


No reaction occurs with bromine. Ethylmagnesium bromide reacts 
readily *"* but the nature of the product was not determined. 

a-Benzy|lsulfonyl-y-ethylsulfonylpropene reacts with sodium or po- 
tassium alkoxides to give an alkali metal derivative of a sulfone 
having twice or three times the molecular weight of the original.**4 
a,y~Bis-(cthylsulfonyl) -propene condenses with benzaldehyde to form 
a butadiene derivative. 


C2H s802CH=CHCH2802C2H5 + CeHsCHO — 
C2H;SO2CH=CHC=CHCeH 5 


SO2C2Hs 


The isomeric a-benzylsulfonyl-y-ethylsulfonylpropenes are readily 
interconvertible. The reaction is rapid in methanol and slower in 
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ethyl acetate or benzene or for the compounds alone above the melting 
point. 

Ketodisulfones. A number of investigations dealing with disulfones 
derived from acetone are reported in the literature. «,y-Bis-(pheny]- 
sulfonyl) -acetone has been prepared by the action of sodium benzene- 
sulfinate upon at least four different halogen derivatives of acetone. 
a,y-Dichloroacetone,*** ,e,y,y-tetrachloroacetone,**? a-phenylsulfonyl- 
y-bromoacetone, and the y,y-dibromo compound *"8 all yield the disul- 
fone, the halogens not reacting by double decomposition being removed 
by reduction. 4,y-Bis- (p-fluorophenylsulfonyl]) -acetone *** has been 
obtained from diiodoacetone and the sulfinate. In Table XXXVII are 
listed the ketodisulfones obtained from halosulfonylketones and sul- 
finates by heating in alcohol solution. 


TABLE XXXVII 


a-SULFONYL-y-BROMOKETONE M.P. or Di- 
AND REFERENCE Sopicm SULFINATE SuLFone, °C. 
CeH;SOeCH2COCH,Br ! CeH;SO2Na 149 
p-CH3CeH«SO2Na 112 
p-CiCgHsSO2CH2COCH2Br 2 CeHsSO2Na 129-130 
p-CICsH,SO2Na 166 
p-CH3CeH.SO2Na 163 
B-CyoH7SO2.Na 167 
p-BrCgH,SO2,CH2,COCH:Br * p-BrCsH,SO.Na 195 
o-CH30CsH«SO.Na 160 
p-CH3CeH«SOoNa 163 
B-CypH7SO2Na 165 
o-CH;0CgH,SO,CH2COCH,Br ® o-CH30C.H.SO.Na 165 
p-CH3CesH,«SO.Na 177 
p-CH30CeH,SO2.CH2COCH2Br * p-CH3CeH,SO.Na 140 
o-C2H,OCsH.SO2CH,COCH¢?Br ? p-CH3CsH«SO2Na 144 
p-C2H,OCsH,SO2CH2COCH2Br *# p-CHsCeH.SO2Na 116 
p-CH3CeH,SO2CH2COCH2Br ! CeH;SO2Na 112 
p-CH3CeH.SO2Na 152 
B-CyoH7SO2CHeCOCH Br 4 CeH,SO.Na 144 
p-CH3CsH,SO2Na 185 
B-CypH7SO.Na 200 


1R. and W. Otto, J. prakt. Chem., [2] 86, 427 (1887). 


2 Tréger and von Seelen, ibid., [2] 108, 208 (1923). 
3 Tréger and Pahle, ibid., {2} 118, 221 (1926). 
4 Tréger and Bolm, ibid., [2] 88, 411 (1897). 


The chemical properties of the disulfones derived from acetone are 
similar to those of the #-ketosulfones already discussed (see p. 721). 
¢,y-Bis-(phenylsulfonyl)-acetone reacts with hydroxylamine, ammo- 
nia, thiophenol, and phenylhydrazine in the same manner as do or- 
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dinary ketones °° but does not add hydrogen cyanide. With aqueous 
potassium hydroxide the following reaction occurs. 


(CeHsSO2CH2)2CO + KOH — CeHsSO2CH3 + CeHsSO2CH2COOK 
The reactivity of the ketones varies with the aryl groups. ,y-Bis- 
(p-tolylsulfony]l)-acetone behaves precisely like the phenyl compound 
but @-phenylsulfonyl-y-2-naphthylsulfonylacetone *** not only does 
not react with hydrogen cyanide and sodium bisulfite but also is inert 
toward thiophenol and condenses with phenylhydrazine only when 
heated with it under pressure. @,y-Bis-(2-naphthylsulfony]) -acetone 
reacts with hydroxylamine only when the two compounds are heated 
under pressure in 50% alcohol at 140°. 

By heating o-aminobenzaldehyde and 2a,y-bis-(phenylsulfony]) -ace- 
tone or its analogs at 160° or higher in a sealed tube there is formed 
a quinoline derivative *? containing both sulfone groups intact. 


CHO SOoC6Hs5 
+ (CeHsSO2CH2)2CO — + 2H20 
He CH2802C6H 5 
N 


The results obtained in reactions of this kind are summarized in Table 
XXXVIII. The reaction time and temperature must be carefully con- 
trolled to obtain good yields of products. 

These quinoline derivatives have no basic properties. Fusing with 
potassium hydroxide does not split off the sulfone groups but by heat- 
ing with concentrated hydrochloric acid under pressure at 240° the 
a-phenylsulfonyl group is lost. 


SO2CeHs SO2CeHs 
+ H20 — + CeHsSO3H 
CH2SO2CeH5 nt CHs 


By reduction with tin and concentrated hydrochloric acid both sul- 
fone groups are split off. These reactions were used in determining 


SO2CeH40CH3-0 (H] 
era 
CH2SO2CeH4CH3-p 
N 
He 


2 
CUs + o-CH30C.6H,4SH + p-CH3CeH4SH 


N 
H 


the structures shown in Table X XXVIII. 
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TABLE XXXVIII 


M.P. or 
REACTION QUINOLINE 
Temp., °C., ForMuLA OF unsym- DISuULFONE, 
DISULFoNE AND TIME QUINOLINE DiIsuLFONE °C. 
(CesHsSO2CH2)2CO 160, 2.5 hrs. ........0..... 0. eee eee 168 
(p-ClCgHsSO2CH2)2CO 165,15 min. ............ eee eee 197 
(p-BrCgH,SO2CH2)2CO 100, 3 days je abieaacdvergiten ie: @uscuye Gseneciew eee ete, 132 
(p-CH3CeI1s802CH2)2 155, 15 TAINS cote seis cise SD 202 
(o-CH3O0CegH4SO2CH2)2CO 180,2hrs. 2.0... eee eee 188 
p-ClCsH,80.CH, Ginee 
eo 165, 10 min. 199-200 
p-CH3CelI4SO2CII2 Be CII2SO2C6I1,CH3-p 
~C1CsH,SO2CH SOoCsH,Cl-: 
ieee ara “Sco 130-150, a ee 157 
CeII;SO2CH2 20 min. N ICH2S802CeHs 


p-ClCeH4SOoCHe2 2CeHsCl-p 
eo 170, 20 min. | 163 
B-CioH7SO2CHe = ICII2SO02C Hz 
o-CH;0CsH,SO2CH 02CgH ~OCH3-0 
“Sco 160, 1 hr. 208 
p-CH3Ce6H,S0.ClIl2 x ICH.2SO2CsHsCH3-p 
p-CH30CsH.8O02CH2 O2CeII4OCH3-p 
C=O 150, 2 hrs 187 
p-CH3CeH4SO2CHe H2S02C6H.CH3-p 


o-C2H;OCeH4SO2CH2 2Ce6H,OC2H;-0 
CO 150, 20 min. 194 
p-CH3CeH«SO2CHe < HeSO2CsH.CH;-p 


p-C2Hs0CeH4SO2CH SO2C6H4OCoHs-p 
“SCO 130, 30 min. 182 
p-CH3Cell,SO2C He H2SO2CsH4CH3-p 


p-BrCeH«SO2CHe 2CeH4Br-p 
CO 100, 2 days 191 
o-CH30CsH,SO2CH2 Ne H2SO2C6H,OCH3-0 
p-BrCsH4SO2CHe. eCeH4Br-p 
CO 150, 25 min. 193 
p-CH3CeH«SOoCHe N H2SO2CsH.CH;-p 


p-BrCsH.SO2CH. Oz2CeH.Br-p 
oo 200, 2 hrs. 195 
8-C yol17SO2.CH: H2SO2CyoH7-8 
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#,8-Bis-(phenylsulfony])-quinoline, differing from the compound 
given above by a methylene group; has been obtained from e-chloro- 
8-phenylsulfonylquinoline °* and sodium benzenesulfinate. 


SO2CeH 5 SOeCeH 5 
+ CeHsSOoNa — + NaCl 

Cl SO2CeHs 
N N 

Oxidation of the sulfide obtained by the reaction of thiophenol with 
phorone gives a disulfone ** in which the keto group does not react 
with hydroxylamine, phenylhydrazine, semicarbazide, or thiophenol. 
It would be of interest to know the behavior of this compound toward 


KMnO, 

{(CH3)2C(SCeH;)CH2]2CO pmaacuieaen 2 {(CH3)2C(SO2CoHs)CH2]2CO 
dilute alkali as the analogous y-di- and trisulfones undergo hydrolysis. 

Trisulfones. The trisulfones in which the three sulfone groups are 
attached to a single carbon have been prepared by oxidation of sulfide- 
disulfones or the trisulfides. For example, bis-(ethylsulfony])-phenyl- 
sulfonylmethane results in 80% yield by oxidation of the disulfone 
with alkaline permanganate.*72 965 
CsH;SH 

NaOH 


Co6HsSCH (SO2C2H5)2 — CeHsSO2CH (SO2C2H5)2 
The disulfone has also been synthesized °°7¢ as follows. 
(C2H5sSO2)2CH2 + CoHsSO28CeHs + NaOCoHs5 -> 

(CoH 58O2)2CHSCeHs + CeHsSO2Na + C2Hs0H 


The trisulfones obtained by oxidation of sulfidedisulfones are tabulated 
below. 


BreC (SO2C2H5)2 


TABLE XXXIX 


SULFIDEDISULFONE REAGENT M.P. or TRIstLFong, °C. 
encpbs en raits ener 
CH S0,CH(SCeHs)S02CzHs HMOs a6 
CeH;SCH (SO.C2H5)2 Alk. KMn0O, 165-166 
CeH,S0O.CH Eo eaoet 
CeH,80.CH (SC7H;-p)S0,CHs 202 ut 
CsHsSO2CH (SCeHsCle-3,5)SO2CH3 H202 208 


The compounds of the general formula (RSO2CH2CH2) 2802 where 
R is ethyl, n-butyl, or phenyl have been prepared by permanganate or 
chromic acid oxidation *** of the monosulfone, (RSCH2CH2)28O2 or 
of the trisulfide. The corresponding benzyl monosulfone is readily 
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converted to the trisulfone with hydrogen peroxide.***’ Tris- (phenyl- 
sulfonyl)-methane has been prepared by the oxidation of phenyl 
trithioérthoformate,?*# a reaction best carried out in two stages. 
With potassium permanganate in acid solution the disulfone is formed, 
which in alkaline solution is further oxidized to the trisulfone. The 
sulfidedisulfone is readily alkylated with methyl iodide in alkaline 
solution but oxidation of the product does not produce a satisfactory 
yield of the trisulfone which is, however, formed in a nearly quantita- 
tive yield by oxidation of the phenyl trithiodrthoacetate. Ethyl] 


3CsHsSNa + CH3CCl3; — (CeH5S)sCCH3 atid (CgHsS02)3CCH3 


trithiodrthoformate has not been oxidized to the trisulfone, loss of one 
of the sulfide groups occurring, but the corresponding orthoacetate, 
like the phenyl compound, is readily converted into the trisulfone. 
Oxidation of benzyl trithiodrthoformate with permanganate gives two 
products separable by fractional crystallization. These are bis-(ben- 
zylsulfonyl)-methane and the sulfide-disulfone, (CgH;CH,SO,) »CHS- 
CH2CyH;. All attempts to oxidize the latter to the trisulfone were 
failures. Oxidation of an impure benzyl] trithioérthobenzoate with 
permanganate was reported to give a very small yield of the trisulfone. 

Oxidation of 1,2,2-tris-(ethylthiol)-propane, obtained from chloro- 
acetone and ethanethiol, gives the trisulfone readily.2*? A cyclic sul- 
fide, CgHi283, has also been converted to the trisulfone by perman- 
ganate oxidation.*** A number of other miscellaneous trisulfones have 
been prepared by permanganate oxidation of the sulfides.*** The reac- 
tion of sodium benzenesulfinate with 1,2,3-tribromopropane gives a 
small yield of the corresponding trisulfone.*%” 


3CeHsSO2Na + C3HsBr3 —» C3H5(SOeCeHs)3 + 3NaBr 


The trisulfones of the general formula (RSOz)sCH are strongly 
acidic substances. They liberate carbon dioxide from carbonates in 
the cold and are not precipitated from aqueous solutions of their salts 
by acetic acid. Numerous attempts have been made to resolve tri- 
sulfones of the type RSO2CH (SO2R’)SO.R” by fractional crystalliza- 
tion of their salts with active bases but without success.°°"* This result 
is in accord with the optical instability of the carbon in B-disulfones. 
(see p. 735). 

The reaction of sodium tris-(phenylsulfonyl)-methane with methyl 
iodide occurs to only a slight extent even in a sealed tube at high tem- 
peratures and with the silver salt the results were entirely negative. 
Tris-(phenylsulfonyl)-methane gives a quantitative yield of a halogen. 
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derivative when treated with chlorine or bromine in aqueous solu- 
tion.26*¢ Todine does not react. Tris-(phenylsulfonyl)-chloromethane 
is much more stable to alkali than the bromo compound, the former 
being unaffected by aqueous alkali whereas the bromine compound de- 
composes rapidly. Alcoholic sodium hydroxide does react with the 
chloro compound, however. The products for both compounds are 
tris-(phenylsulfonyl)-methane und sodium benzenesulfonate. This 
behavior is analogous to that of the bis-(ethylsulfonyl)-dibromo- 
methane already described (see p. 741). 

Trisulfones having the three sulfonyl groups attached to the same 
carbon and not containing an acidic hydrogen are very stable toward 
acids and alkali. They dissolve in concentrated sulfuric acid without 
reacting. Warm alkaline permanganate however brings about oxida- 
tion.36é¢ 

KMnO, 


(CeHsSO2)3CCHs aon 3CsHsSO3Na + CH3sCOONa 


The behavior toward alkali of trisulfones having any two sulfone 
groups attached to adjoining carbons is similar to that of the y-disul- 
fones. 2,8,y-Tris-(phenylsulfony])-propane °** gives sodium benzene- 
sulfinate and a mixture of sulfones; ¢,¢,8-tris- (phenylsulfonyl)-ethane 
yields three molecules of the benzenesulfinate,?" and «,8,8-tris- (ethyl- 
sulfonyl) -propane gives the cthancsulfinate and a resin, probably from 
hydroxyacetone.37° 


C2H sSO2CH2C(S02C2H5)2CH3 + 3KOH — 
3C2H58O2K + [CHsCOCH20H] + H20 
«-Phenylsulfonyl-8,8-bis-(ethylsulfonyl)-propane likewise loses all 
three sulfone groups as sulfinates.®*°° Bis-(8-benzylsulfonylethy]) - 
sulfone undergoes cleavage into two sulfinates and a sulfone.?7 
(CeHsCH2SO2CH2CH2)2802 + 2NaOH —> 
CeHsCH2S02Na + HOCH2CH2S02Na + HOCH2CH2802CH2CeHs 
The cyclic trisulfone described by Ray ** reacts with barium hy- 
droxide to yield a mixture of sulfinates. 
2C 6H 128306 + 2Ba(OH )2 — > 
(HOCH2CH2S802C2H4802)2Ba + (HOC2H48S02)2Ba 


Tetra-, Penta-, and Hexasulfones. Although bis-(ethylsulfonyl)- 
methane does not condense with benzaldehyde or acetaldehyde it does 
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react with formaldehyde, particularly in the presence of a trace of 
piperidine **? to give a tetrasulfone. Homologs of this have been ob- 


2(C2H5S02)2CHe + HCHO — [(C2Hs5S802)2CH]eCHe + H2O 


tained from bis-(n-propylsulfony!)-methane and the isopropyl-isomer. 
1,3-Dithiacyclohexane tetroxide condenses with formaldehyde in the 
same manner but the cyclopentane analog behaves anomalously. 
Despite the accumulation of polar groups these tetrasulfones are 
only slightly soluble in water. They are colorless, odorless, beautifully 
crystalline substances which give colorless solutions in sulfuric acid 
and oxidize very slowly with fuming nitric acid. They dissolve in cold 
15% alkali from which they are precipitated by carbonic acid. Heat- 
ing the alkaline solution to 100° brings about decomposition with for- 
mation of the disulfones from which the tetrasulfones were prepared. 
The formaldehyde was not recovered. Bromine replaces the acidic hy- 


((C2Hs$02)2CH]2CH2 + H20 “228, (CoHs802)2CH2 + HCHO 


drogens, and the dibromo compounds with alkali regenerate the un- 
substituted tetrasulfones, 


{(C2HsSO02)CH]2CHe + 2Bro _ [(CeHsSO2)2CBr]e2CHe + 2HBr 


Tetrasulfones which contain no acidic hydrogen have been obtained 
by Posner *75 by oxidation of the tetrasulfides resulting when diketones 
are condensed with thiols. The compounds prepared by this procedure 
are listed in Table XL. Since many diketones do not condense with 
four molecules of a thiol this method is of limited value. Nothing is 
known concerning the chemical properties of these tetrasulfones. 


TABLE XL 
SuLFIDE M.P. or Tzrrasvutrone, °C. 
[(CH3C(SCH2CeHs)o-le 195-196 
[CHsC(SCH2C6H5)2CHale 222-227 (decomp.) 
[CH3C (SC5H);-iso)2@CHele 139-140 
[CHsC(SCgH¢5)2CHole 244 


(CH3)eCHC(SCH2CeHs)2CH2CH2C (SCH2CeHs)2CH3 202-203 


A series of tetrasulfones having the general formula (RSO2CH2)4C 
has been obtained by oxidation of the sulfides with excess hydrogen 
peroxide in acetic acid.37* The compounds so prepared are listed in 
Table XLI. Noteworthy are the high melting points of what may be 
called the “filled molecules” and the alternations exhibited for the 
n-alkyl compounds above n-butyl. 
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TABLE XLI 
R or (RSO2CH2)sC M.P., °C. or TETRASULFONE 
CHs >300 
CoH5 185.5 
n-C3H7 126.5 
iso-C3Hy 220.5 
n-CaHg 111.5 
i-CyHo 134 
sec-C4Hg 115 
tert-C,4 H 9 >300 
n-CsH Hn 83 5 
n-CeHi3 85.5 
n-C7H 15 72 
n-CeaHi7 80 
n-CoH 19 76 
n-CypHo1 78.8 
n-Cy1 He 72.5 
n-Cy2H 95 78.3 
Cells 244 
CeHsCHe 179.5 
CoeltlsCHeCHe 183 


The linear pentasulfone, (CH;SO2CH,SO.CH,»}2SOQz2, has been pre- 
pared by oxidation of the sulfide with hydrogen peroxide.*?> A serics 
of hexa-(alkylsulfonylmethyl)-benzenes have been made in excellent 
yields by oxidation of the hexasulfides with the same reagent.*** These 
hexasulfones are characterized by case of crystallization and high 
melting or decomposition points. 

Polysulfones. It was observed by Solonina 5”? that sulfur dioxide 
reacts with methyl, ethyl, and pheny] allyl ethers to give white, amor- 
phous materials containing sulfur. A similar reaction was later re- 
ported 87° for simple olefins but this was not easily controlled until it 
was found that the reaction is catalyzed by oxygen,®*® ozone,*®° various 
peroxides,*#*#8! alkyl nitrites, metallic nitrates, sodium chlorate,**?® 
and ultraviolet light.22*4® Cyclopentene 57° reacts without a catalyst, 
as do the 1,38-dienes. In some of the earlier work ether and paralde- 
hyde that had been exposed to the air were used as catalysts but 
peracetic acid and ascaridole, particularly in the presence of acid, 
proved to be more effective and convenient. In the presence of one 
or another of the catalysts mentioned most olefins react readily. Ex- 
ceptions are trimethylethylene which reacts with difficulty **¢ and 
tetramethylethylene, pinene, and dihydronaphthalene.*#¢ While viny] 
chloride and bromide #°*-° react readily, allyl and cinnamy] bromides 
not only do not form a polymer but prevent the reaction of other 
olefins #8*° even when present in small percentages. 1-Bromo-1-hep- 
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tene was found to be inert as are olefinic acids that have the ethylenic 
linkage conjugated with the carboxyl group.***° Phenyl and alkylace- 
tylenes also form polymers but dialkylacetylenes and allene do not.5* 

Polymer formation is slightly exothermic, occurs with a contraction 
of volume, and only in the liquid phase.**?? The reactions show a 
peculiar “ceiling temperature” in some instances. Thus in the presence 
of lithium nitrate isobutylene reacts readily at 4° but not at all at 25°. 

It has been mentioned previously that disulfones of the general for- 
mula [RSO2CHoe]»s are cleaved by alkali and this reaction makes pos- 
sible the elucidation of the structures of the olefin-sulfur dioxide pol- 
ymers. Ethylene polysulfone reacts with boiling barium hydroxide to 
give a barium sulfinate and “hydroxydiethylene sulfone.” The prop- 
ylene nolymer **"” dissolves readily in cold dilute sodium hydroxide; 
acidification of the solution gives a nearly quantitative yield of a 
cyclic disulfone whose structure was proved by alkaline degradation 
to sodium 1-methylsulfonylpropane-2-sulfinate and acetaldehyde. The 


Oo 
iS) 
Het So 
cHyC CGH, Naor 
| { ——» CH3SO2CH2CH (CH3)SO2Na + [(CH3CHO]. 
HeC CHe 


iS) 
Oe 


same products are obtained by boiling the polymer with 10% aqueous 
sodium hydroxide. The sulfonate obtained by oxidation of the sulfi- 
nate was synthesized from propylene bromohydrin and identified as 
CH;CHOHCH:Br >» CHsCHOHCH2SCH3 ——> 
CHsCHCICH2S8CHs aes CH3CH (SO3Na)CH2SCH3 


CH3CH (SO3Na)CH2SO02CH3 aa CH3CH (SO2Cl)CH2S02CH3 


the acid chloride and anilide. The polymer is therefore of the “head- 
to-head” and “‘tail-to-tail” type indicated in the formula. It is prob- 
able that the initial alkaline cleavage product is the hydroxysulfone- 
[-—-CH (CH3)CH2SO2CH 2CH (CH3)SO2CH (CH3)CH 2802], 
sulfinate shown as this could break down further to give acetaldehyde. 
Treating the polymer with hot sodium carbonate gave a small amount 
Polymer — CH3CHOHCH2SO2CH2CH (CH3)SO2Na 
of a cyclic ether sulfone. It is not clear how this arises. It was syn- 
thesized from bis-(8-chloroisopropyl) ether. 


KMn0, 
—— 


POLYSULFONES 759 


CHs—CH— CHSC CH;—CH—CH,  CHs—CH—CH2 
O = O Sse AG S02 
| | VA \ es 
CH;—CH—CH,Cl CH;—CH—CH,  CH3—CH—CH» 


Since the propylene polysulfone is acidic and with phosphorus pen- 
tachloride gives an acid chloride that yields an anilide one end group 
may be that of a sulfonic acid formed by the addition of water to the 
ends of the polymer molecule. From analysis of the anilide it was 
concluded that the polymer had a molecular weight °8°¢ of about 50,000 
while viscosity measurements pointed to a somewhat higher value. 

Polysulfones from other olefins containing terminal double bonds in- 
cluding 1-pentene,**¢ styrene, and undecylenic acid have chemical 
properties similar to those of the propylene polymer. On the other 
hand the products from cyclohexene and other olefins containing only 
secondary or tertiary carbons and also those of the isobutylene type 
behave much differently toward alkali. Refluxing with aqueous so- 
dium hydroxide yields sodium sulfite and the original olefin as well as 
more complex products. The 2-pentene pulymer gives a dipenteny] 
sulfone as well as 2-pentene and the isobutylene polymer gives almost 
entirely the original olefin but that from cyclohexene is converted into 
a complex mixture of products including cyclohexene, cyclohexenesul- 
finic acid, an octahydrobiphenyl, a bis-(cyclohexenyl) sulfone, dodeca- 
hydrophenoxathiin dioxide, and unidentified compounds.**¢ The 
degradation of the cyclohexene polymer with liquid ammonia is more 
clear-cut, producing an unstable disulfone which was also synthesized 
from the sulfide.## 


NH, < AcOH 
Polymer ——> | — 
SO2—-——--SO 
O2 


8 
/ 
+ [CeHi0] 
iS) 
O2 
CeHi0 + 82Clz > 
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The vinyl chloride and bromide polymers differ from the others in 
that two moles of the halide combines with one of sulfur dioxide.*#*»-¢ 
They react with ammonia and aniline. With 20% sodium hydroxide 
the vinyl chloride polymer breaks down to give acetaldehyde, sodium 
chloride, and a polymeric substance containing the sulfur. On this 
basis the structure assigned ***° to the vinyl chloride polysulfone was 
-(SO.CHCICH2CHCICHz2),- and the product containing the sulfur 
after alkali degradation was believed to come from the polymerization 
of sodium acetaldehydesulfinate. 

Several interesting copolymers have been prepared.*®® They contain 
the olefin groups in about the ratio that the olefins are present in the 
reaction mixture. The compound from 1-pentene and undecylenic acid 
is of particular interest as it was found to have a definite structure 
rather than having a probability type of distribution for the olefin 
units. Treatment with liquid ammonia gave a high yield of the di- 
sulfone indicated. 


a ae 
n-C3H7—C C—(CH2)sCOOH 
Copolymer — 
HC CHe 
SF 


O2 


With any other than the alternating head-to-head, tail-to-tail arrange- 
ment of units considerable quantities of the symmetrically substituted 
sulfones would be formed. 

The polymers obtained from alkylacetylenes and sulfur di- 
oxide 81°, 384,888 are less stable than those from olefins, losing one-half 
of their sulfur dioxide upon heating to 100-140°. The phenylacetylene 
polymer is broken down by alkali into sodium sulfite (50%), benzoic 
acid (20%), benzyl methyl sulfone (8%), and a trace of acetophenone, 
which do not serve to establish unequivocally its structure. 

Pyrolysis of the sulfone from n-propylacetylene(1-pentyne) by 
heating in dioxane solution gives up to 22% of a crystalline sulfone 
which corresponds in composition to a di-n-propylthiophene-S-dioxide. 
This compound gave two dihydro derivatives but could not be com- 
pletely reduced and hence could not be compared with the cyclic sat- 
urated sulfones that were synthesized.*** 

A number of patents have been issued which deal with the possible 
uses of olefin polysulfones in the synthetic resin field.*** Their re- 
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action with alkaline reagents and lack of stability toward heat are 
limiting factors in any extensive utilization. 

Polymeric sulfones such as those obtained by the permanganate 
oxidation of the polymeric hexamethylene or tetradecamethylene sul- 
fides have been described in the patent literature *** as suitable for the 
preparation of a variety of commercial products. 


te et 
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INDEX 


In this index compounds are named by the Chemical Abstracts method in which 
substituents appear in alphabetical order as in bromochloronitrobenzenesulfonamide. 
Compounds are listed by names and not by classes. Thus ethyl methyl sulfone is to 
be found under ethyl rather than under sulfone. 


A 


Abietanesulfonic acid, 313 
Abietenesulfonic acid, 313 
Acenaphthenedisulfonic acid, 276 
Acenaphthene-5-sulfonamide, 494 
Acenaphthene-3-sulfonic acid, nitration 
of, 411 
preparation of, 276 
reaction with alkali, 436 
reaction with potassium ferrocyanide, 
440 
Acenaphthene-5-sulfonic acid, 276 
Acenaphthenesulfonic acids, reduction of, 
393 
Acenaphthene-3-sulfonyl chloride, 494 
Acenaphthene-5-sulfonyl chloride 494 
3-Acenaphtheny] sulfone, 276 
Acetaldehydedisulfonethylanilide, 165 
Acetaldehydedisulfonic acid, 126, 136, 
157 
Acetaldehydesulfonic acid, 136 
1-Acetamido~4-aminonaphthalene-7-sul- 
fonic acid, 299 
4-Acetamidobenzenesulfinic acid, 670 
2-Acetamidobenzenesulfonamide, 599 
4-Acetamidobenzenesulfonamide, 479, 
575, 600; see also N*-acetylsulfa- 
nilamide 
4-Acetamidobenzenesulfonanilide, 479 
4-Acetamidobenzenesulfondi- 
methylamide, 578 
4-Acetamidobenzenesulfonic acid, 248 
4-Acetamidobenzenesulfonyl chloride, 
249, 459, 479, 575 
4-Acetamidobipheny]-4’-sulfonamide, 
485 
4-Acetamidobiphenyl-4’-sulfonyl 
chloride, 260, 485 
2-Acetamido-4-bromo-6-methylpheny] 
benzenesulfonate, 541 
5-Acetamido-2-chloro-4-methylbenzene- 
sulfonyl chloride, 480 


2-Acetamido-5-chlorophenyl 4-toluene- 
sulfonate, 543 
5-Acetamido-2,4-dimethoxybenzene- 
sulfonyl chloride, 480 
4-Acetamido-2,5-dimethylbenzene- 
sulfonic acid, 253 
5-Acetamido-2,4-dimethylbenzene- 
sulfonic acid, 253 
4-Acetamido-2,5-dimethylbenzene- 
sulfonyl chloride, 481 
5-Acetamido-2,4-dimethylbenzene- 
sulfonyl chloride, 481 
3-Acetamido-2,4-dimethy]-6-nitro- 
benzenesulfonamide, 481 
3-Acetamido-2,4-dimethyl-6-nitro- 
benzenesulfonyl chloride, 481 
4-Acetamido-2,5-dimethyl-3-nitroben- 
zenesulfonyl chloride, 481 
2-Acetamido-3, 5-dinitrophenyl 
4-toluenesulfonate, 544 
5-Acetamido-2-ethoxybenzene- 
sulfonamide, 480 
3-Acetamido-4-ethoxybenzenesulfony] 
chloride, 480 
5-Acetamido-2-ethoxybenzenesulfonyl 
chloride, 480 
3-Acetamido-~4-ethoxy-6-nitrobenzene- 
sulfonyl chloride, 480 
1-Acetamido-8-hydroxynaphthalene- 
3,6-disulfonyl chloride, 491 
1-Acetamido-8-hydroxynaphthalene- 
4,6-disulfony! chloride, 491 
2-Acetamido-5-hydroxynaphthalene- 
7-sulfonyl chloride, 489 
2-Acetamido-8-hydroxynaphthalene- 
6-sulfonyl chloride, 489 
3-Acetamido-4-methoxybenzene- 
sulfonamide, 480 
3-Acetamido-4-methoxybenzene- 
sulfonyl chloride, 257, 480 
5-Acetamido-2-methoxy-4-methyl- 
benzenesulfonyl chloride, 480 


775 


776 


4-Acetamido-5-methoxy-2-mcthyl- 
3-nitrobenzenesulfony! chloride, 480 
Acetamidomethoxynitrobenzenesulfony] 
chlorides, 480 
5-Acetamido-2-methoxy phenyl 
4-toluenesulfonate, 544 
4-Acetamido-1-methylbenzene-2, 
§-disulfonyl chloride, 481 
Acetamidomethylbenzenesulfonamides, 
480 
5-Acetamido-4-methylbenzenesulfonic 
acid, 252 
Acetamidomethylbenzenesulfony] 
chlorides, 252, 480 
3-Acetamido-4-methy]-6-nitrobenzene- 
sulfonyl chloride, 480 
1-Acetamidonaphthalene-5,7-disulfonic 
acid, 295 
1-Acetamidonaphthalene-6,8-disulfonic 
acid, 299 
1-Acetamidonaphthalene-4-sulfonamide, 
489 
1-Acetamidonaphthalene-4-sulfonic acid, 
298, 386 
1-Acetamidonaphthalene-5-sulfonic acid, 
295, 298 
1-Acetamidonaphthalene-8-sulfonic acid, 
298 
2-Acetamidonaphthalene-6-sulfonic acid, 
398 
2-Acetamidonaphthalene-8-sulfonic acid, 
299 
1-Acetamidonaphthalene-4-sulfony] 
chloride, 298, 489 
4-Acetamido-3-nitrobenzenesul- 
fonamide, 480 
5-Acetamido-2-nitrobenzenesulfonic 
acid, 427 
4-Acetamido-3-nitrobenzenesulfony] 
chloride, 480 
2-Acetamido-4-nitropheny] 2-nitro- 
pheny] sulfone, 706 . 
2-Acetamido-3-nitropheny] 4-toluene- 
sulfonate, 543 
2-Acetamido-5-nitrophenyl 4-toluene- 
sulfonate, 543 
2-Acetamidophenyl benzenesulfonate, 
540 
2-Acetamidopheny] 4-chloro-2-nitro- 
pheny] sulfone, 706 
2-Acetamidophenyl 2-nitrophenyl sul- 
fone, 670, 706 i 
4-Acetamidopheny] 4-nitrophenyl sul- 
fide, 703 
4-Acetamidophenyl 4-nitrophenyl  sul- 
fone, 670, 703, 704 
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4-Acetamidophenylsulfonylacetamide, 
718 
4-Acetamidophenylthiol acetate, 498 
2-Acetamidophenyl! p-toluenesulfonate, 
543 
4-Acetamidotoluene-2-sulfonic acid, 252 
4-Acetamidotoluene-2-sulfonyl chloride, 
252 
4-Acetethylamidobenzenesulfonyl 
ride, 480 
Acetic benzenesulfonic anhydride, 556 
Acetic 4toluenesulfonic anhydride, 556 
4-(N-acethydroxylamino)-benzenesul- 
fonamide, 600 
4-Acetmethylamidobenzenesulfony] 
chloride, 480 
3-Acetmethylamido-4-methylbenzene- 
sulfonic acid, 252 
2-Acetmethylamidotoluene-4-sulfonic 
acid, 252 
2-Acetoacetanisididesulfonic acid, 257 
2-Acetanisididesulfony] chloride, 257 
Acetone-1,3-disulfonic acid, 128 
Acetoneglycery! 4-toluenesulfonate, 531 
Acetonesulfonic acid, 108, 137 
Acetonesulfonic acid phenylhydrazone, 
139 
Acetonetetrasulfonic acid, 165 
Acetonetrisulfonic acid, 166 
Acetonyl pheny] sulfide, 721 
Acetonyl sulfone, 730 
Acetophenone-2,w-disulfonic acid, 723 
Acetophenone-4,w-disulfonic acid, 225 
Acetophenone-2,w-disulfony] chloride, 
225, 484 
Acetophenone-w-sulfonic acid, 138 
Acetophenone-3-sulfonic acid, 225 
Acetophenone-4-sulfonic acid, 225 
2-Acetoxy-5-tert-amylbenzenesulfony] 
chloride, 477 
1-Acetoxybenzene-2,4-disulfonyl chlo- 
ride, 477 
2-Acetoxybenzenesulfonanilide, 475 
4-Acetoxybenzenesulfonanilide, 476 
4-(4-Acetoxybenzenesulfonoxy)-benzene- 
sulfonic acid, 548 
2-Acetoxybenzenesulfony! chloride, 475 
4-Acetoxybenzenesulfonyl chloride, 476 
2-Acetoxy-3-bromo-5-methylbenzene- 
sulfonyl! chloride, 477 
4-Acetoxy-5-bromo-4-methylbenzene- 
sulfonyl chloride, 476 
2-Acetoxy-5-fert-butylbenzenesulfony] 
chloride, 477 
7-Acetoxy-3-(p-chlorophenylsulfony])- 
coumarin, 710 


chlo- 
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2-Acetoxycyclohexy] 2,5-dichloro- 
benzenesulfonate, 516 
Acetoxyethanesulfonie acid, 171 
B-Acetoxyethyl 2-nitropheny] sulfoxide, 
693 
Acetoxymethanesulfonic acid, 129 
4-Acetoxy-1-methylbenzene- 
3,5-disulfonanilide, 478 
3-Acetoxy-1-methylbenzene- 
4,6-disulfonyl chloride, 477 
4-Acetoxy-1-methylbenzene- 
3,5-disulfonyl chloride, 478 
2-Acetoxy-5-methylbenzenesulfonyl 
chloride, 477, 539 
2-Acetoxy-5-methyl-3-nitrobenzenesul- 
fonanilide, 477 
2-Acetoxy-5-methy]-3-nitrobenzenesul- 
fonyl chloride, 477 
1-Acetoxynaphthalene-2-sulfonanilide, 
489 
2-Acetoxynaphthalene-]-sulfoniec acid, 
290 
1-Acetoxynaphthalene-2-sulfony! 
chloride, 489 
1-Acetoxynaphthalene-5-sulfony] 
chloride, 289, 489 
Acetoxynaphthalenesulfony] chlorides, 
489 


2-Acetoxy-1,3-phenylene dibenzenesul- 
fonate, 540 
7-Acetoxy-3-phenylsulfonylcoumarin, 
710 
1-Acetoxy-4-sulfonaphthalene-5-sulfonyl 
chloride, 289 
7-Acetoxy-3-(4-tolylsulfonyl)-coumarin, 
710 
2-(N-Acetylbenzenesulfonamido)- 
phenyl] benzenesulfonate, 540 
4-(Acetylcarbamido)-benzenesulfony] 
chloride, 249 
4-Acetylcarbamido-2-methyl- 
benzenesulfonamide, 480 
4-Acetylcarbamido-3-methylbenzene- 
sulfonamide, 480 
4-Acetylcarbamido-2-methylbenzene - 
sulfonyl chloride, 480 
4-Acetylcarbamido-3-methylbenzene- 
sulfonyl] chloride, 480 
2-Acetylcarbamidotoluene-5-sulfonic 
acid, 252 
3-Acetylcarbamidotoluene-6-sulfonic 
acid, 252 
N‘-(Acetylcarbamy])-sulfanilamide, 480 
N-(Acetylearbamy!)-sulfanily] chloride, 
480 
2-(N-Acetyl-4-chloro-2-nitrophenyl- 
amino)-benzenesulfonic acid, 706 


7 


Acetylchlorosulfonate, 144 
Acety]-4-(chlorosulfonyl)-phenylurea, 
249 
N-Acety]-2,5-dimethy]-3-nitrosulfanily] 
chloride, 481 
N-Acetyl-2,5-dimethylsulfanily] chlo- 
ride, 481 
Acetyldiphenylaminedisulfonic acid, 265 
Acetyldiphenylaminesulfonic acid, 265 
N-Acetyl-N-ethylsulfanily! chloride, 480 
Acetyl hydrogen sulfate, 144 
N‘-Acetyl-2-methylsulfanilamide, 480 
N-Acetyl-N-methylsulfanilyl chloride, 
480 
N-Acetyl-2-methylsulfanily] chloride, 
480 
N-Acetyl-3-methylsulfanilyl chloride, 
480 


2-Acety]-1-naphthol-4-sulfonic acid, 290 
2-(N-Acetyl-2-nitrophenylamino)- 
benzenesulfinic acid, 706 
2-(N-Acety]-2-nitrophenylamino)- 
4-nitrobenzenesulfinic acid, 706 
N*-Acetyl-3-nitrosulfanilamide, 480 
N-Acety]-3-nitrosulfanilyl chloride, 480 
N-Acetylsaccharin, 617 
N‘-Acetylsulfanilamide, 479 
alkylation of with methyl sulfate, 575 
irradiation of, 600 
nitration of, 600 
Nt‘ -Acetylsulfanilanilide, 479 
N-Acetylsulfanilic acid, 248 
N-Acetylsulfanily] chloride, 249, 459, 
479, 575 
Acridone-2-sulfonic acid, 322 
4-Acylaminopheny] p-hydroxyphenyl 
sulfones, 704 
N‘-Acylsulfanilamides, 601 
Agar-agar, polysaccharide hydrogen sul- 
fate from, 44 
Aldehyde bisulfites, 126 
Aldehydesulfonic acids, 136 
2-Aldehydo-1-chloroanthraquinone- 
sulfonic acid, 308 
3-Aldehydo-4-chloro-2-nitropheny] 
4-toluenesulfonate, 545 
3-Aldehydo-4,6-dichloro-2-nitropheny] 
4-toluenesulfonate, 545 
2-Aldehydo-3,5-dimethoxypheny] 
4-toluenesulfonate, 545 
4-Aldehydo-3,5-dimethoxyphenyl 
4-toluenesulfonate, 545 
4-Aldehydo-2-ethoxypheny] benzenesul- 
fonate, 542 
4-Aldehydo-5-hydroxy-3-methoxyphenyl 
4-toluenesulfonate, 545 
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4-Aldehydo-2-hydroxyphenyl benzene- 
sulfonate, 542, 554 
5-Aldehydo-2-hydroxyphenyl benzene- 
sulfonate, 541 
4-Aldehydo-2-hydroxyphenyl 4-toluene- 
sulfonate, 545 
4-Aldehydo-2-methoxyphenyl benzene- 
sulfonate, 542, 554 
6-Aldehydo-2-methoxyphenyl benzene- 
sulfonate, 541 
4-Aldehydo-2-methoxypheny] 4-toluene- 
sulfonate, 545 
2-Aldehydo-4-methylphenyl benzenesul- 
fonate, 541 
Aldehydomethylpheny] 4-toluene- 
sulfonates, 545 
Aldehydonitropheny] 4-toluene- 
sulfonates, 545 
Aldehydopheny] benzenesulfonates, 
541, 542 
Aldehydopheny] toluenesulfonates, 
545, 549 
Aliphatic sulfonic acids, reaction with 
phosphorus halides, 100 
Aliphatic sulfonyl bromides, 101 
Aliphatic sulfonyl fluorides, 101 
Alizarin dibenzenesulfonate, 542 
Alizarindisulfonic acids, 309 
Alizarin-3-sulfonic acid, 309 
Alizarin-4-sulfonic acid, 309 
Alkyl] 4-aminopheny] sulfones, as 
bactericides, 705 
Alkyl and aryl vinyl sulfones, 726 
Alkylbenzenesdisulfonic acids, reaction 
with alkali, 428 
Alkylbenzenesulfonic acids, hydrolysis 
of, 388 
reaction with alkali, 422 
Alkyl 4-bromopheny] sulfones, 686, 687 
Alkyl 4-chloro-3-nitrophenyl sulfones, 
702 
Alky] 2,4-dinitropheny] sulfones, 672 
Alkyl hydroxyaryl sulfones, 694 
Alkyl maleate hydrogen sulfates, 39 
Alkyl 2-nitroaryl sulfones, 678 
Alky] 4-nitrobenzyl sulfones, 683 
Alkyl pheny] sulfones, 685 
Alky] sulfones, from sulfides and 
sulfoxides, 661 
Alkylsulfonylearboxylic acids, 678 
N-Alkylsaccharins, 579 
Alkyl sulfates, 48, 75 
Alkyl sulfonates, alkylation of acetylides 
with, 537 
alkylation of ethyl malonate, 536, 537 
hydrolysis of, 526 
reaction with alcohols, 528 
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Alkyl sulfonates, preparation of, 514 
reactions of, 525 
reaction with Grignard reagents, 534 
reaction with metallic salts, 533 
substitution reactions of, 538 
table of, 516 
8-Alkylsulfonylethanesulfonates as 
detergents, 691 
Alkylsulfonylethyl hydrogen sulfates, 
694 


Ally] benzenesulfonate, 516 
hydrolysis of, 527 
polymerization of, 525 
reaction with amines, 531 
Allyl benzyl] sulfone, 728 
Allyl 2,4-dimethylpheny] sulfone, 670, 
728 
Allylmethanedisulfonic acid, 166 
4-Allyl-2-methoxyphenyl benzene- 
sulfonate, 541 
Allyl methyl] sulfone, 728 
Allyl 1-naphthy] sulfone, 728 
Allyl 2-naphthyl sulfone, 670, 728 
Allyl pheny] sulfone, 668, 728 
Allyl sulfones, 728 
Allyl 4-toluenesulfonate, 518, 533, 537 
Allyl 2-tolyl sulfone, 728 
Ally] 4-tolyl sulfone, 669, 728 
Allyl 2,4-xylyl sulfone, 728 
5-Aminoacenaphthene-3-sulfonic acid, 
298 
Aminoalky] sulfones, 701 : 
4-Aminoanisole-2-sulfonic acid, 256 
Aminoanthrahydroquinone hydrogen 
sulfate, 48 
Aminoanthraquinonesulfonic acids, 394, 
460 
1-Aminoanthraquinonesulfonic acid, 245 
1-Aminoanthraquinone-2-sulfonic acid, 
308, 398 
2-Aminoanthraquinone-3-sulfonic acid, 
310 
2-Aminoanthraquinone-3-sulfonyl 
chloride, 494 
Aminoaralky] sulfones, preparation of, 
702 
Aminoary] nitroaryl sulfones, 705 
1-Amino-4-arylsulfonamidoanthra- 
quinone-2-sulfonic acids, 442 
Aminoary] sulfones, 702, 704 
2-Amino-3-arylsulfonyl-8-methoxy- 
quinolines, 716 
Aminoazobenzenesulfonic acids, 515 
1-Aminobenzanthrone-2-sulfonic acid, 
361 
2-Aminobenzenesulfonamide, 599 600, 
632 


INDEX 


Aminobenzenesulfonamidonaphthalenes, 
587 
2-Aminobenzenesulfonbenzoylamide, 
588, 589 
1-Amino-2,2-bis-(phenylsulfonyl)- 
propane, 739 
4-Aminobipheny]-4’-sulfonic acid, 260 
1-Amino-4-bromoanthraquinone-2- 
sulfonyl chloride, 495 
1-Amino-4-bromobenzenesulfonic acid, 
254 
3-Amino-6-bromobenzenesulfonic acid, 
374 
5-Amino-3-bromo-4-chloro-2-methyl- 
benzenesulfonic acid, 254 
2-Amino-3-bromopheny] 4-toluene- 
sulfonate, 543 
5-Amino-2-bromophenyl 4-toluene- 
sulfonate, 543 
1-Aminobutane-2-sulfonic acid, 124 
4-Aminobutane-1-sulfonic acid, 126 
6-Aminobuty] methyl sulfone, 701 
1-Amino-2-chloroanthraquinone-4- 
sulfonanilide, 494 
1-Amino-2-chloroanthraquinone-4- 
sulfonyl chloride, 494 
2-Amino-4-chlorobenzenesulfonic acid, 
405 
5-Amino-2-chlorobenzenesulfonyl 
chloride, 480 
1-Amino-8-chloronaphthalene-4-sulfonic 
acid, 432 
2-Amino-4-chlorophenol-6-sulfonic acid, 
257 
2-Amino-4-chlorophenyl] benzyl sulfone, 
679 
2-Amino-4-chloropheny] ethyl] sulfone, 
679 
2-Amino-4-chlorophenyl methy] sulfone, 
679 
2-Amino-5-chlorophenyl methyl sulfone, 
679 
4-Amino-3-chlorophenyl methyl sulfone, 
703 
2-Amino-4-chlorophenyl 4-methylbenzyl 
sulfone, 679 
2-Amino-4-chlorophenyl n-propyl 
sulfone, 679 
2-Amino-5-chlorophenyl 4-toluene- 
sulfonate, 543 
2-Amino-5-chlorosulfobenzoic acid, 255 
Amino-p-cymenesulfonic acid, 374 
w-Aminodecanesulfonic acid, 126 
4-Amino-3,5-dibromobenzenesulfonic 
acid, 406 
5-Amino-2,4-dibromophenyl 3-amino- 
4-methylbenzenesulfonate, 549 
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4-Amino-1,2-dihydroxyanthraquinone- 
3-sulfonic acid, 310 

1-Amino-2,4-dimethylbenzene-5-sulfonic 
acid, 253 

1-Amino-3,4-dimethylbenzene-6- 
sulfonic acid, 253 

5-Amino-2,4-dimethylbenzenesulfonic 
acid, 376 

4-Amino-2,6-dimethylphenol-3-sulfonic 
acid, 257 

6-Amino-a,§-diphenylethy] 4-toluene- 
sulfonate, 518 

Aminodisulfonic acid, as sulfating 
agent, 8 

2-Aminoethanesulfonic acid, derivatives 
of, 120 

reactions of, 121, 122, 123 
preparation of, 119 

1-Amino-2-ethylbenzene-4-sulfonic acid, 

253 


8-Aminoethy] ethyl sulfone, 701 
8-Aminoethyl hydrogen sulfate, 38 
6-Aminoethyl methyl sulfone, 701, 702 
8-Aminoethyl phenyl sulfone, 701 
Amino G acid, 297 
1-Amino-4-haloanthraquinonesulfonic 
acid, 375 
1-Amino-2-hydroxyanthraquinone-3- 
sulfonic acid, 310 
1-Amino-4-hydroxyanthraquinone-6- 
sulfonic acid, 310 
2-Amino-1-hydroxyanthraquinone-3- 
sulfonic acid, 310 
2-Amino-4-hydroxybenzenesulfonic acid, 
429 
5-Amino-2-hydroxybenzenesulfonic acid, 
359 
3-Amino-4-hydroxybenzenesulfonyl 
fluoride, 454 
3-Amino-6-hydroxy-2,4-disulfobenzoic 
acid, 361 : 
Aminohydroxynaphthalenedisulfonic 
acids, 391, 433 
Aminohydroxynaphthalenesulfonic 
acids, bromination of, 406 
1-Amino-2-hydroxynaphthalene- 
4-sulfonic acid, chlorination of, 398 
nitration of, 412 
preparation of, 356 
1-Amino-8-hydroxynaphthalene- 
4-sulfonic acid, 432 
Aminohydroxynaphthalenesulfonic 
acids, 300, 392, 398 
2-Amino-5-hydroxypheny! 4-toluene- 
sulfonate, 544 
5-Amino-6-hydroxyquinoline-8-sulfonic 
acid, 358 
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5-Amino-2-hydroxysulfobenzoic acid, 
257 
Amino I acid, 297 
Aminomethanedisulfonic acid, 162 
Aminomethanesulfonic acid, 118, 119 
5-Amino-2-methoxybenzenesulfonic acid, 
256 
2-Amino-4-(4-methoxybenzoyl)-pheny] 
benzenesulfonate, 541 
2-Amino-5-methoxypheny! methyl 
sulfone, 679 
5-Amino-2-methoxypheny] 4-toluene- 
sulfonate, 544 
3-Amino-2-methoxypropane-1-sulfonic 
acid, 135 
4-Amino-1-methylbenzene-3,5-disul- 
fonamide, 481 
4-Amino-1-methylbenzene-3,5-disul- 
fonanilide, 481 
2-Amino-5-methylbenzene-1,3-disulfonic 
acid, 251 
4-Amino-3-methylbenzene-1,5-disulfonic 
acid, 250 
5-Amino-2-methylbenzene-1 ,4-disulfonic 
acid, 251 
5-Amino-4-methylbenzene-1,2-disulfonic 
acid, 250 
2-Amino-1-methylbenzene-3,5-disul- 
fonyl chloride, 481 
4-Amino-1-methylbenzene-3,5-disul- 
fonyl chloride, 481 
5-Amino-2-methylbenzene-1,4-disul- 
fony] chloride, 498 
2-Amino-5-methylbenzenesulfonic acid, 
251, 376, 634 
3-Amino-4-methylbenzenesulfonic acid, 
250 
3-Amino-6-methylbenzenesulfonic acid, 
245 
4-Amino-2-methylbenzenesulfonic acid, 
405 
4-Amino-3-methylbenzenesulfonic acid, 
250 
5-Amino-2-methylbenzenesulfonic acid, 
250, 251 
5-Amino-2-methyl-3-nitrobenzene- 
sulfonamide, 480 
5-Amino-2-methyl-3-nitrobenzene- 
sulfonyl! chloride, 480 
4-Amino-4-methylpentane-2-sulfonic 
acid, 125 
2-Amino-4-methylphenyl benzyl] sulfone, 
679 
2-Amino-4-methylphenyl n-butyl 
sulfone, 679 
2-Amino-4-methylphenyl ethyl sulfone, 
679 
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2-Amino-4-methylphenyl methyl 
sulfone, 679 
a-Amino-§-methylsulfonylpropane, 
700 
a-Amino-y-methylsulfonylpropionic 
acid, 711 
1-Amino-2-methyl-4-(4-toluenesul- 
fonamido)-anthraquinone, 577 
1-Amino-4-methylbenzene-2-sulfonic 
acid, 252 
Aminonaphthalenedisulfonic acids, 374 
1-Aminonaphthalene-2,4-disulfonic acid, 
361 
1-Aminonaphthalene-3,6-disulfonic acid, 
437 
1-Aminonaphthalene-3,8-disulfonic acid, 
391 
1-Aminonaphthalene-4,7-disulfonic acid, 
361 
2-Aminonaphthalene-6,8-disulfonic acid, 
406 
1-Aminonaphthalene-3,6-disulfonyl 
chloride, 491 
Aminonaphthalenesulfonic acids, 374, 
406, 432 
1-Aminonaphthalenesulfonic acids, 
reduction of, 393 
1-Aminonaphthalene-6-sulfonic acid, 432 
1-Aminonaphthalene-7-sulfonic acid, 432 
1-Aminonaphthalene-8-sulfonic acid, 432 
2-Aminonaphthalene-6-sulfonic acid, 393 
2-Aminonaphthalence-7-sulfonic acid, 432 
1-Aminonaphthalene-8-sultam, 412 
1-Aminonaphthalene-2,4,6,8-tetra- 
sulfonic acid, 434 
1-Aminonaphthalene-3,4,6,8-tetra- 
sulfonic acid, 434 
Aminonaphthalenetrisulfonic acids, 391, 
412, 434 
6-Amino-1-naphthol-2,4-disulfonic acid, 
300 


6-Amino-1-naphthol-2,5-disulfonic acid, 
300 
8-Amino-1-naphthol-2,5-disulfonic acid, 


299 
8-Amino-1-naphthol-2,6-disulfonic acid, 
299 
8-Amino-1-naphthol-4,6-disulfonic acid, 
299 
3-Amino-2-naphthol-5, 7-disulfonic acid, 


300 
5-Amino-2-naphthol-1,3-disulfonic acid, 
300 


Aminonaphtholsulfonic acids, bromina- 
tion of, 406 

1-Amino-2-naphthol-4-sulfonic acid, 355 

8-Amino-1-naphthol-2-slfonic acid, 299 
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8 Amino-1-naphthol-4-sulfonic acid, 299 
8 Amino-1-naphthol-5-sulfonic acid, 299 
8 Amino-1-naphthol-G-sulfonic acid, 299 
2-Amino-1l-naphthy] methy] sulfone, 679 
2-Amino-1-naphthy] 2-nitrophenyl 
sulfone, 705 
1-Amino-3-naphthyl 4-toluenesulfonate, 
546 
2-Amino-5-nitrobenzenesulfonic acid, 
398, 405 
4-Amino-2-nitrobenzencsulfonic acid, 
405 
4-Amino-3-nitrobenzenesulfonic acid, 
405, 427 
4-Amino-5-nitrobenzenesulfonic acid, 
398 
2-Amino-5-nitrobenzenesulfony] 
chloride, 480 
3-Amino-4’-nitrobenzophenonesulfonic 
acid, 262 
2'-Amino-4-nitrodiphenylamine-2- 
sulfonic acid, 392 
2-Amino-4-nitrophenyl methyl sulfone, 
679 
2-Amino-5-nitrophenyl methy] sulfone, 
679 
2-Amino-3-nitrophenyl 4-toluenc- 
sulfonate, 511, 543 
2-Amino-5-nitropheny] 4-toluene- 
sulfonate, 543 
5-Aminopentane-l-sulfonic acid, 126 
4-Aminophenolsulfonic acid, 256 
2-Aminophenol-4-sulfonic acid, 257 
3-Aminophenol-6-sulfonic acid, 257 
3-(4-Aminophenoxy )-benzenesulfonic 
acid, 264 
2-Aminopheny] ary] sulfones, 703 
2-Aminopheny] benzenesulfonate, 540 
2-Aminophenyl benzyl sulfone, 679 
2-Aminopheny] cyclohexyl sulfone, 679 
2-Aminophenyl 3,4-dichlorobenzyl 
sulfone, 679 
2-Aminophenyl! ethyl sulfone, 679 
Aminophenyldiphenylmethanesulfonic 
acid, 117 
2-Aminopheny] 4-methylbenzyl sulfone, 
679 
2-Aminopheny] methyl] sulfone, 679 
4-Aminopheny] 4-nitrophenyl sulfone, 
703 
4-(4- Aminophenylsulfony])-benzene- 
sulfonamide, 703 
2-Amino-3-phenylsulfonylquinoline, 714 
Aminopheny] 4toluenesulfonates, 543, 
555 
1-Aminopropane-2-sulfonic acid, 123 
2-Aminopropane-l-sulfonic acid, 124 
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3-Aminopropane-1-sulfonic acid, 125 
+-Aminopropy] methyl sulfone, 103, 701, 
702 
2-A minopyridine-5-sulfonic 
412 
3-Aminopyridinesulfonic acid, 321 
5-Aminoquinoline-6,8-disulfonic acid, 
322 
8 Aminoquinoline-5,7-disulfonic acid, 
322 
Aminoquinolinesulfonic acids, 322 
6-Aminosaccharin, 634 
2-Amino-4-sulfobenzoic acid, 420 
3-Amino-4-sulfobenzoic acid, 255 
4-Amino-3-sulfobenzoic acid, 302 
5-Amino-2-sulfobenzoic acid, 255 
Aminosulfonic acid, 7 
a-Aminosulfonic acids, 118 
a-Amino-3-sulfophenylacetic acid, 255 
4-Amino-2-sulfophenylaminosulfonic 
acid, 360 
Aminotoluenesulfonie acids, 374, 376 
2-Aminotoluene-5-sulfonic acid, 326 
4-Aminotoluene-2-sulfonic acid, 374 
4-Aminotoluene-3-sulfonic acid, 634 
4-Aminotoluene-5-sulfonic acid, 362 
1-Amino-4-(tolylsulfonyl)-2-naphthy] 
4-toluenesulfonate, 539, 546 
3-Amino-2,4,6-tribromopheny] 
4-toluenesulfonate, 543 
3-Amino-2,4, 5-t richlorobenzenesulfonic 
acid, 374 
2-Amino-4-trifluoromethylphenyl benzyl 
sulfone, 679 
2-Amino-+-trifluoromethylphenyl 
sulfone, 679 
2-Amino-4-trifluoromethylphenyl methyl] 
sulfone, 679 
Amino-1,3-xylene-4-sulfonic acid, 376 
2-Amino-1,4-xylene-5-sulfonic acid, 362 
4-n-Amylbenzenesulfonamide, 467 
Amylbenzenesulfonic acid, 200 
4-n-Amylbenzenesulfony] chloride, 467 
n-Amy] 2,4-dinitropheny] sulfide, 663 
n-Amyl 2,4-dinitropheny] sulfone, 663 
Amy] hydrogen sulfate, 34 
sec-Amy] hydrogen sulfate, 10 
4-n-Amylphenol-2-sulfonic acid, 237 
4-tert-Amylphenol-2-sulfonic acid, 237 
4-tert-Amylpheny] benzenesulfonate, 541 
n-Amy] pheny] sulfide, 662 
tert-Amy) pheny] sulfide, 662 
n-Amy] pheny] sulfone, 662 
tert-Amy] pheny] sulfone, 662, 668 
4-tert-Amylpheny] 4-toluenesulfonate, 
544 
n-Amy] sulfate, 73 


acid, 321, 


ethyl 
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act-Amyl sulfone, 661 
act-Amy] sulfoxide, 661 
n-Amy] 4-toluenesulfonate, 517 
n-Amy] 2-toly] sulfone, 669 
Aniline-2,4-disulfonic acid, 248 
Aniline-2,5-disulfonic acid, 248, 429 
Aniline-3,5-disulfonic acid, 405 
Aniline hydrogen sulfate, 248 
Anilinesulfonic acids, 375, 391, 427 
mechanism of formation, 245, 247 
Aniline-2-sulfonic acid, 247, 404 
Aniline-3-sulfonic acid, bromination of, 
405 
chlorination of, 398 
nitration of, 412 
reaction with alkali, 427 
Aniline-4-sulfonyl chloride, 575 
Aniline-3-sulfony] fluoride, 456, 457 
Aniline-2,4,6-trisulfonamide, 481 
Aniline-2,4,6-trisulfonanilide, 481 
Anilinetrisulfonic acid, 248 
Aniline-2,4,6-trisulfonyl chloride, 
481 
Anisal-4-bromophenylsulfonylacetoni- 
trile, 715 
Anisal-2-naphthylsulfonylacetonitrile, 
715 
Anisalphenylsulfonylacetonitrile, 715 
Anisal-4-tolylsulfonylacetonitrile, 715 
p-Anisidinesulfonic acid, 256 
Anisoledisulfonic acids, see Methoxy- 
benzenedisulfonic acids 
Anisole-2,4-disulfonic acid, 232 
Anisolesulfonic acids, chlorination of, 397 
Anisole-2-sulfonic acid, 232 
Anisole-4-sulfonic acid, bromination of, 
402 
nitration of, 411 
preparation of, 232 
reaction with alkali, 426 
Anisole-4-sulfony] chloride, 501 
Anisole-4-sulfonyl fluoride, 232, 454 
2-Anisyl 3-(carbo-2-anisoxy)-4-hy droxy- 
benzenesulfonate, 549 
2-Anisyl benzenesulfonate, 540 
2-Anisyl 4-bromobenzenesulfonate, 546 
4-Anisyldiphenylmethanesulfonic acid, 
117 
a-(4-Anisylsulfonyl)-y-bromoacetone, 
750 


248, 


2-Anisylsulfonylmethyl-3-(2-methoxy- 
phenylsulfonyl)-quinoline, 751 

a-(4-Anisylsulfonyl)-y-(4-tolylsulfonyl)- 
acetone, 750 

3-Anisylsulfonyl-2-(4-tolylsulfonyl- 
methyl)-quinoline, 752 

2-Anisyl 4-toluenesulfonate, 544 
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Anthracene-1,5-disulfonamide, 494 
Anthracene-1,8-disulfonamide, 494 
Anthracene-1,5-disulfonanilide, 494 
Anthracene-1,8-disulfonanilide, 494 
Anthracenedisulfonic acids, 301, 364, 434 
Anthracene-1,5-disulfonyl chloride, 494 
Anthracene-1,8-disulfonyl chloride, 494 
Anthracene-2-sulfonamide, 494 
Anthracene-2-sulfonanilide, 494 
Anthracenesulfonic acids, 301, 364 
hydrolysis of, 392 
reaction with alkali, 434 
Anthracene-1-sulfony! chloride, 494 
Anthracene-2-sulfony! chloride, 301, 494 
Anthracene-2,9,10-trisulfonic acid, 364, 
392 
Anthrahydroquinone disulfate, 403 
Anthraquinone-2,6-disulfonamide, 495 
Anthraquinone-2,7-disulfonamide, 495 
Anthraquinonedisulfonanilides, 495 
Anthraquinonedisulfonic acids, chlorina- 
tion of, 396 
reduction of, 394 
Anthraquinone-1,5-disulfonic acid, 
401, 441, 442 
Anthraquinone-1,6-disulfonic acid, 
305, 401 
Anthraquinone-1,7-disulfonic acid, 
305 
Anthraquinone-1,8-disulfonic acid, 
401, 441 
Anthraquinone-2,6-disulfonic acid, 
305 
hydrolysis of, 392 
reaction with alkali, 435 
reaction with ammonia, 437 
Anthraquinone-2,7-disulfonic acid, 303, 
305, 435, 438 
Anthraquinonedisulfonyl chlorides, 495 
Anthraquinone-1-sulfonamide, 586 
Anthraquinone-1-sulfonanilide, 494 
Anthraquinonesulfonic acids, 302 
aniline salts of, 387 
hydrolysis of, 392 
reaction with alkali, 434, 435 
reaction with ammonia, 437 
Anthraquinone-1-sulfonic acid, 
chlorination of, 396 
from 1-nitroanthraquinone, 364 
hydrolysis of, 392 
preparation of, 304 
reaction with aliphatic thiols, 441 
reaction with methanol, 442 
reaction with potassium naphthoxide, 
442 
reaction with potassium phenoxide, 
442 


305, 
308, 
308, 
305, 
303, 
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Anthraquinone-1-sulfonic acid, reaction 
with potassium thiophenoxide, 441 
reduction of, 394 
Anthraquinone-2-sulfonic acid, 304 
hydrolysis of, 392 
preparation of, 303 
reaction with ammonia, 438 
reaction with methanol, 442 
reaction with oxidizing agents, 442 
reaction with sodamide, 437 
reaction with sodium hydrosulfide, 
440 
reduction of, 393 
1,2-Anthraquinone-4-sulfonic acid, 355, 
393 
Anthraquinone-1-sulfonyl chloride, 494, 
497 
Anthraquinone-2-sulfonyl chloride, 494 
2-Anthraquinony] 2,5-dihydroxyphenyl 
sulfone, 696 
1-Anthraquinonyl] §-hydroxyethyl sul- 
fone, 693 
1-Anthraquinonyl 2-hydroxy-5-methy]- 
pheny] sulfone, 699 
1-Anthraquinony] methy] sulfide, 441 
Apomorphinesulfonic acid, 323 
Aralkyl 2-nitroaryl sulfones, preparation 
of, 678, 679 
Aralky] sulfones, from sulfides and sul- 
foxides, 661 
Aromatic sulfonic acids, aromatic amine 
salts of, 384 
bromination of, 398 
chlorination of, 394 
hydrolysis by phosphoric acid, 388 
metal salts of, 382 
physical properties of, 381 
reaction with alkali cyanides, 438 
reaction with alkali hydrosulfide, 440 
reaction with sodamide, 436 
reaction with sodium formate, 438 
salts of organic bases, 384 
Arylaminosulfonic acids as sulfating 
agents, 7 
Aryl 8-chloroethy] sulfones, 690 
Aryl 2-chloro-4-nitropheny] sulfones, 686 
Ary] §-diethylaminoethy] sulfones, 702 
Aryl hydrogen sulfates, 45, 47 
Aryl a-hydroxyalky! sulfones, 691 
Aryl s-hydroxyalky] sulfones, 692 
Aryl y-hydroxyalky] sulfones, 692 
Aryl 2-hydroxyaryl sulfides, 695 
Aryl sulfates, 73 
Ary] sulfonates, preparation of, 539 
reactions of, 552 
reaction with piperidine, 553 
Aryl sulfones, valence angle in, 659 
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Arylene disulfones, 746 
Arylsulfonylacetamideoximes, 713 
Arylsulfonylacetamides, 718 
Arylsulfonylacetonitriles, 717 
Arylsulfonylacetylureas, 720 
Arylsulfonylacetylurethanes, 720 
Arylsulfonylcarboxylic acids, 678 
Arylsulfonylhydroxycoumarins, 710 
3-Arylsulfonyl-8-methoxy-2-methyl- 
quinolines, 723 
4-Arylsulfonyl-3-nitrophenyl phenyl 
sulfones, 746 
3-Arylsulfony]-2-phenylquinolines, 723 
Arylsulfonylthioacetamides, 713 
Aryl 4-toluenesulfonates, 680 
3-Azidobenzenesulfonic acid, 375 
3-Azidopheny] 4-toluenesulfonate, 543 
Azobenzene-4,4’-disulfonamide, 600 
Azobenzene-4-sulfonamide, 486 
Azobenzenesulfonic acid, 266, 382 
Azobenzene-4-sulfony] chloride, 486 


B 


Barium octyl sulfate, 12 
Benzaldehyde sodium bisulfite, 128 
Benzaldehydesulfonic acids, reaction 
with alkali, 428 
Benzaldehyde-2-sulfonic acid, 619 
Benzaldehyde-3-sulfonic acid, 224 
Benzaldehyde-2-sulfony] fluoride, 456 
Benzamidine sulfonates, 584 
Benzamidine-4-sulfonic acid, 598 
4-Benzamidobenzenesulfonamide, 614 
7-Benzamido-4-benzoxynaphthalene-2- 
sulfonyl chloride, 489 
2-Benzamido-4-bromo-6-methylphenyl 
benzenesulfonate, 541 
2-Benzamido-4-chloro-6-methylphenyl 
benzenesulfonate, 541 
3-Benzamido-4-methoxy-6-nitrobenzene- 
sulfonyl chloride, 480 
1-Benzamidonaphthalene-6-sulfonyl 
chloride, 489 
2-Benzamidophenyl! benzenesulfonate, 
540 


1,2-Benzanthraquinone-4'-sulfonic acid, 
314 

1,9-Benzanthronesulfonic acid, 314 

a-(Benzeneazo)-4-bromopheny!l- 
sulfonylacetonitrile, 717 

a-(Benzeneazo)-a-(4-chlorophenyl- 
sulfonyl)-propionitrile, 717 

a-(Benzeneazo)-1-naphthylsulfonylace- 
tonitrile, 717 

a-(Benzeneazo)-2-naphthylsulfonylace- 
tonitrile, 717 
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a-(Benzeneazo)-a-(2-naphthylsulfonyl)- 
propionitrile, 717 
a-(Benzeneazo)-a-(phenylsulfonyl)- 
propionitrile, 717 
Benzene-1,2-disulfinie acid, 556, 746 
Benzene-1,3-disulfinic acid, 461 
Benzene-1,2-disulfonamide, 466, 631 
Benzene-1,3-disulfonamide, 466 
Benzene-1,4-disulfonamide, 466 
Benzene-1,2-disulfonanilide, 466 
Benzene-1,3-disulfonanilide, 466 
Benzene-1,4-disulfonanilide, 466 
Benzene-1,3-disulfondichloroamide, 604 
Benzene-1,2-disulfonhydroxyimide, 556 
Benzenedisulfonic acids, 201 
reaction with alkali, 428 
Benzene-1,2-disulfonic acid, 362, 366 
Benzene-1,3-disulfonic acid, effect on 
alkali fusions, 422 
nitration of, 407 
reaction with alkali, 428 
reaction with potassium cyanide, 440 
reaction with potassium hydrosulfide, 
440 
reaction with sodamide, 437 
Benzene-1,4-disulfonic acid, 440 
Benzene-1,2-disulfonic anhydride, 555 
Benzene-1,2-disulfonphenylimide, 556 
Benzene-1,2-disulfony] chloride, 466, 556, 
631 
Benzene-1,3-disulfonyl chloride, 
lytic reduction of, 499 
preparation of, 202, 461, 466 
reaction with benzene, 674 
reaction with fluorosulfonic acid, 453 
Benzene-1,4-disulfonyl chloride, 202, 
367, 461, 466 
Benzene-1,3-disulfonyl fluoride, 453, 454 
Benzenesulfinhydroxamic acid, 574 
Benzenesulfinic acid; see also Sodium 
benzenesulfinate 
from a disulfone, 740 
from a é-disulfone, 748 
from a y-disulfone, 745 
from benzenesulfonyl! chloride, 681 
from o-nitroaryl sulfones, 705 
from #-phenylethyl sulfone, 683 
from phenylsulfonylacetone, 722 
hydroxylamine salt, 574 
magnesium salt, 506 
oxidation of, 365 
potassium salt, 700 
preparation of, 499 
reaction with benzhydrol, 681 
reaction with chlorine, 461 
reaction with cinnamic acid, 711 
reaction with iodine, 514 


cata- 
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Benzenesulfinic acid, reaction with 
maleic acid, 711 
reaction with phenyl vinyl ketone, 
733 
sodium salt, from benzenesulfon- 
hydroxamic acid, 614 
from phenyl sulfone, 682 
preparation of, 498, 667, 670, 672 
reaction with alkyl halides, 668 
reaction with bromine, 513 
reaction with o-dinitrobenzene, 668 
reaction with halogen compounds, 
667 
reaction with nitrous acid, 614 
zinc salt of, 497, 506 
Benzenesulfonalkylamides, solubility in 
alkali, 580 
Benzenesulfonamide, from benzene- 
sulfonazide, 615 
from ethyl benzenesulfonate, 526 
from the isocyanate, 574 
mercuration of, 596 
nitration of, 596 
preparation of, 463 
Raman spectra of, 580 
reaction with benzenediazonium 
chloride, 586 
reaction with benzenesulfonyl 
chloride, 589 
reaction with benzenesulfonyliso- 
cyanate, 597 
reaction with benzoyl chloride, 588 
reaction with ethylene bromide, 576 
reaction with formaldehyde, 585 
reaction with formaldehyde bisulfite, 
586 
reaction with nitrous acid, 595 
reaction with phosphorus 
pentachloride, 596 
reaction with phthalic acid, 598 
reaction with phthalyl chloride, 588 
reaction with succinic anhydride, 
588 
reaction with succinyl chloride, 588 
solubility of, 579 
Benzenesulfonamidoacetic acid, 462, 583 
2-(Benzenesulfonamido)-benzamide, 589 
2-(Benzenesulfonamido)-benzoic acid, 
589 
2-(Benzenesulfonamido)-benzoyl 
chloride, 589 
2-Benzenesulfonamido-4-bromo- 
6-methylphenyl benzenesulfonate, 
541 
1-Benzenesulfonamido-4-bromo-2-nitro- 
naphthalene, 595 
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8-(Benzenesulfonamido)-ethyl-n- 
butylamine, 585 
1-Benzenesulfonamidonaphthalene, 595 
2-Benzenesulfonamidonaphthalene, 595 
1-Benzenesulfonamidonaphthalene- 
4-sulfonyl chloride, 489 
2-Benzenesulfonamido-1-naphthylamine, 
587 
1-Benzenesulfonamido-2-naphthylamine, 
587 
2-Benzenesulfonamido-1-nitro- 
naphthalene, 595 
2-Benzenesulfonamidopheny] benzene- 
sulfonate, 540, 588 
6-(Benzenesulfonamido)-s-phenylethyl 
bromide, 610 
2-Benzenesulfonamidopheny] 2-nitro- 
phenyl sulfone, 706 
Benzenesulfon-(aminonaphthyl)- 
amides, 587 
Benzenesulfonanilide, 
591 
hydrolysis of, 584 
methylation of, 575 
preparation of, 463 
reaction with fused alkali, 585 
reaction with phosphorus penta- 
chloride, 596 
sulfonation of, 249 
Benzenesulfonaroylhydrazides, 615 
Benzenesulfonazide, 574, 615 
Benzenesulfon-2-(benzenesulfonoxy)- 
3-chloro-5-methylanilide, 585 
Benzenesulfon-N-benzoylamide, 580 
Benzenesulfonbenzylamide, 581 
Benzenesulfonbromomethylamide, 
609, 610 
Benzenesulfon-(4-bromo-2-nitro- 
i-naphthyl)-amide, 595 
Benzenesulfonbutylchloroamides, 
610, 611 
Benzenesulfon-n-butylhydroxy 
ethylamide, 13 
Benzenesulfonchloroamide, 603, 608, 613 
Benzenesulfon-2-chloroanilide, 591, 594 
Benzenesulfon-4-chloroanilide, 596 
Benzenesulfon-2-chloro-4-nitroanilide, 
594 
Benzenesulfoncyanamide, 504 
Benzenesulfoncyanomethylamide, 596 
Benzenesulfondialkylamides, 583 
Benzenesulfondibromoamide, 604, 611 
Benzenesulfondichloroamide, prepara 
tion of, 603 
pyrolysis of, 462 
reaction with olefins, 610 
reaction with reducing agents, 605 


chlorination of, 
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Benzenesulfondiethylamide, 590 
Benzenesulfondimethylamide, 462, 501, 

590 
Benzenesulfon-4-ethoxy-2-nitroanilide, 

594 
Benzenesulfonethylamide, 581 
Benzenesulfonethyleneimide, 585 
Benzenesulfonethylnitrosoamide, 

595, 596 
Benzenesulfon-n-heptylamide, 580 
Benzenesulfonhydrazide, oxidation of, 

615 

preparation of, 502 

reaction with aldehydes, 615 

reaction with benzoyl chloride, 615 

reaction with nitrous acid, 615 
Benzenesulfonhydroxamic acid, 503, 614 
Benzenesulfonic acid, 199 

alkylation of, 206 

ammonium salt, pyrolysis of, 574 

arylamine salts of, 385 

bromination of, 398 

from benzenediazonium chloride, 364 

from bromobenzene, 362 

from chlorobenzenesulfonic acid, 372 

from oxidation of a disulfone, 366 

from oxidation of phenylsulfonylace- 

tone, 366 

from oxidation of 2-phenylsulfonyl- 
1-propanol, 366 

from oxidation of the thiosulfonate, 
366 

from oxidation of thiophenol, etc., 365 

from oxidation of trithiophenoxy- 

methane, 366 

from reduction of sulfanilic acid, 373 
from sulfonation of cyclohexane, 95 
guanylurea salt, 504 
hydrolysis of, 388 
ionization in organic solvents, 382 
nitration of, 407 
potassium salt, 
reaction with potassium cyanide, 
439 
reaction with potassium ferro- 
cyanide, 439 
reaction with sodamide, 436 
reaction with sodium formate, 438 
preparation of, 200 
pyrolysis of, 681 
reaction with alkali, 420, 421 
reaction with aromatic compounds, 

677 

reaction with benzene, 676, 677 
reaction with sodium hydroxide, 101 
reduction of, 393 

silver salt, bromination of, 399 
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Benzenesulfonic acid, sodium salt, reac- 
tion with benzotrichloride, 462 
reaction with chlorosulfonic acid, 
459 
reaction with potassium 
hydrosulfide, 440 
solubility of, 382 
Benzenesulfonic anhydride, 504, 515, 
555 
Benzenesulfon-2-methoxyanilide, 594 
Benzenesulfon-2-methoxy-4-nitroanilide, 
594 
Benzenesulfonmethylamide, 590, 596 
a-(Benzenesulfon-N-methylamido)- 
lauric acid, 598 
2-(Benzenesulfonmethylamido)- 
naphthalene, 595 
2-(Benzenesulfonmethylamido)-1- 
nitronaphthalene, 595 
Benzenesulfonmethylanilide, 575 
Benzenesulfon-2-methylbenzylamide, 
581 
Benzenesulfon-4-methylbenzylamide, 
581 
Benzenesulfon-N-methylnaphthyl- 
amides, 595 
Benzenesulfon-N-methy]-2-nitroanilide, 
595 
Benzenesulfonmethyinitrosoamide, 616 
Benzenesulfon-N-methy]-2,4-, 
6-trinitroanilide, 595 
Benzenesulfon-1-naphthylamide, 593 
Benzenesulfonnitroamide, 616 
Benzenesulfon-2-nitroanilide, 594 
Benzenesulfon-4-nitroanilide, 594 
Benzenesulfon-4-phenetidide, 594 
Benzenesulfon-§-phenylethylamide, 581 
Benzenesulfon-2,4,6-trinitroanilide, 594 
4-Benzenesulfonylazotoluene, 587 
2-(N-Benzenesulfony])-benryl- 
aminopheny] benzenesulfonate, 540 
Benzenesulfonyl bromide, 513 
Benzenesulfonyl chloride, dipole moment 
of, 496 
from pheny] sulfone, 683 
from sulfonamides, 583 
from sulfuryl chloride and benzene, 
681 
from the dichloroamide, 462 
in Friedel-Crafts reaction, 675 
preparation of, 200, 459, 461, 462, 463 
reaction with acetamidoxime, 504 
reaction with alcohols, 507 
reaction with o-aminophenol, 509 
reaction with benzene, 674 
reaction with benzenesulfonamide, 589 
reaction with benzoic acid, 504 
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Benzenesulfony] chloride, reaction with 

diethylzinc, 506 

reaction with dimethylaniline, 502 

reaction with m-diphenylbenzene, 691 

reaction with diphenylcadmium, 680 

reaction with diphenylmercury, 506, 
681 

reaction with 8-disulfones, 741 

reaction with ethyl sodioisobutyrate, 
505 

reaction with ethyl sodiomalonate, 505 

reaction with ethylzinc iodide, 506 

reaction with guanidine, 504 

reaction with hydrazine, 502 

reaction with hydrogen sulfide, 499 

reaction with hydroxylamine, 503 

reaction with lead dioxide, 500 

reaction with naphthalene, 674 

reaction with phenols, 508 

reaction with phenylacetamidoxime, 
504 

reaction with phenylmagnesium 
bromide, 506 

reaction with picric acid, 504 

reaction with potassium fluoride, 453 

reaction with potassium iodide, 499 

reaction with potassium permono- 
sulfate, 500 

reaction with silver benzenesulfonate, 
504 

reaction with silver benzene- 
sulfonamide, 504 

reaction with silver cyanate, 504 

reaction with sodium acetate, 504 

reaction with sodium amalgam, 498 

reaction with sodium amylacetylide, 
506 

reaction with sodium cyanamide, 504 

reaction with sodium peroxide, 500 

reaction with sodium phenylacetylide, 
506 

reaction with sodium sulfide, 499 

reaction with sodium p-toluene- 
sulfinate, 734 

reaction with thionyl chloride, 500 

reaction with thiophenolate, 511 

reaction with thiourea, 504 

reaction with trimethylamine, 501 

reaction with urea, 504 

reaction with zinc dust, 497 

reduction to thiophenol, 498 

Benzenesulfony!] fluoride, nitration of, 

456 


preparation of, 453, 454 

reaction with alcohol, 456 

reaction with aluminum chloride, 457 
reaction with ammonia, 455 
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Benzenesulfony! fluoride, reaction with 
aniline, 456 
reaction with benzene, 457 
reaction with Grignard reagents, 457 
reaction with phenylhydrazine, 456 
reaction with sodium benzoate, 458 
reduction of, 456 
N-Benzenesulfonylglycine, 462, 583 
Benzenesulfony] iodide, 514 
Benzenesulfony] isocyanate, 504, 574, 
597 
2-(N-Benzenesulfony]-2-nitrophenyl- 
amino)-benzenesulfinic acid, 706 
Benzenesulfonylphthalimide, 588 
N-Benzenesulfonylpyrollidine, 577 
N-Benzenesulfonylsulfanilyl chloride, 
480 
Benzenethiolsulfonic acid, 461, 500 
Benzene-1,3,5-trisulfonamide, 466, 586 
Benzenetrisulfonic acids, reaction with 
alkali, 429 
Benzene-1,3,5-trisulfonic acid, 202, 440 
Benzene-1,3,5-trisulfony] chloride, 266, 
461, 499 
Benzene-1,3,5-trisulfonyl fluoride, 455 
Benzhydryl a-naphthy! sulfone, 681 
Benzhydryl pheny] sulfone, 681 
Benzidine-2,2'-disulfonic acid, 261 
Benzidine-3,3’-disulfonic acid, 260, 373 
Benzidine sulfate, 260 
Benzidine-3-sulfonic acid, 260 
Benzidinetetrasulfonic acid, 260, 261 
Benzidinetrisulfonic acid, 260 
3,4-Benzocoumarindisulfonic acid, 317 
Benzophenone-3,3’-disulfonamide, 484 
Benzophenone-3,3’-disulfonanilide, 484 
Benzophenone-3,3’-disulfonic acid, 262, 
430 
Benzophenone-3,3’-disulfony] chloride, 
484 
Benzophenone-2-sulfonamide, 484 
Benzophenone-2-sulfonanilide, 484 
Benzophenonesulfonic acids, 430 
Benzophenone-2-sulfonyl chloride, 484 
Benzofh]quinolinesulfonic acid, 322 
Benzoquinonedisulfone, 742 
Benzothiazolesulfonic acids, 364, 367 
Benzothiazolethiol, 307 
Benzothiazoline oxide, 725 
Benzoxazolesulfonic acids, 364, 367 
Benzoxazolethiol, 367 
Benzoxazolone-5-sulfonyl! chloride, 323 
4-Benzoxybenzenesulfonamide, 476 
4-Benzoxybenzenesulfonic acid, 233 
4-Benzoxybenzenesulfony! chloride, 476 
8-Benzoxyethy] benzyl sulfide, 693 
6-Benzoxyethy] benzyl sulfone, 693 
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6-Benzoxyethyl 4-toluenesulfonate, 518 

2-(N-Benzoylbenzenesulfonamido)- 
pheny! benzenesulfonate, 540 

4-Benzoyl-1-benzylnaphthalene- 
5-sulfonamide, 490 

4-Benzoy]-1-benzylnaphthalene- 
5-sulfonyl chloride, 490 

8-Benzoyl-a-bromoethyl pheny] sulfone, 
733 

6-Benzoyl-8-bromoethy! phenyl] sulfone, 
732 

Benzoylbromomethy] 4-chlorophenyl 
sulfone, 722 

Benzoylbromomethy! phenyl sulfone, 
722 

Benzoylbromomethy] 4-tolyl sulfone, 
722 

6-Benzoyl-§-bromoviny! phenyl! sulfone, 
733 

N-Benzoylchloromethanesulfonamide, 
106 

Benzoylchloromethy! 4-chlorophenyl 
sulfone, 722 

Benzoylchloromethy! pheny] sulfone, 
722 

Benzoylchloromethy] 4-tolyl sulfone, 722 

Benzoyldibromomethy] 4-chlorophenyl 
sulfone, 722 

Benzoyldibromomethy] pheny! sulfone, 
722 

Benzoyldichloromethy] 4-chlorophenyl 
sulfone, 722 

Benzoyldichloromethy] pheny] sulfone, 
722 

a-Benzoyl-a,6-diphenylethanesulfonic 
acid, 268 

+-Benzoy]-a,6-diphenylpropy! 4-tolyl 
sulfone, 688 

B-Benzoylethyl phenyl sulfone, 732, 733 

a-Benzoyl-4-hydroxydiphenylmethane- 
3-sulfonic acid, 267 

6-Benzoyl-a-hydroxyethyl phenyl 
sulfone, 733 

Benzoylmethanesulfonic acid, 138 

1-Benzoylnaphthalene-4-sulfonamide, 
490 

1-Benzoylnaphthalene-4-sulfonanilide, 
490 


1-Benzoylnaphthalenesulfonic acid, 283 
1-Benzoylnaphthalene-4-sulfony] 
chloride, 490 
N‘4.Benzoylsulfanilamide, 614 
N-Benzoylsulfanilyl chloride, 480 
2-Benzoyl-5-sulfobenzoic acid, 362 
8-Benzoy]-8-sulfopropionic acid, 146 
2-Benzoyl-5-thiolbenzoic acid, 367 
8-Benzoylvinyl phenyl sulfone, 732, 734 
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Benzylaniline, salts of sulfonic acids, 
100 
9-Benzylanthraccnesulfonie acid, 302 
Benzyl benzenesulfonate, 516, 525, 526 
Benzyl bornyl] sulfide, 662 
Benzyl bornyl sulfone, 662 
Benzyl 4-bromopheny] sulfide, 663 
Benzyl 4-bromopheny] sulfone, 663 
Benzyl 4-chloro-2-nitrophenyl sulfone, 
679 
Benzyl! 4-chloropheny] sulfone, 669 
Benzyl! 8-chloropropyl sulfone, 726 
Benzyldimethylamine sulfate, 5 
Benzyl] a,8-dimethylpropy] sulfide, 662 
Benzy! a,6-dimethylpropyl sulfone, 662 
Benzyl 2,4-dinitropheny] sulfide, 663 
Benzyl 2,4-dinitrophenyl sulfone, 663 
Benzyl] f-ethoxyethyl sulfone, 693 
Benzyl! y-ethoxypropy] sulfone, 694 
Benzyl ethyl methylene disulfide, 736 
Benzyl ethyl methylene disulfone, 736 
Benzyl ethyl] sulfone, 668 
Benzyl y-ethylsulfonylpropenyl! sulfone, 
749 
d-e-Benzylethyl 4-toluenesulfonate, 
529, 534, 538 
Benzyl hydrogen sulfate, 39, 46 
Benzyl §-hydroxyethy] sulfone, 693, 755 
Benzyl §-hydroxypropy] sulfide, 726 
Benzyl -hydroxypropy] sulfone, 726, 
728 


Benzylideneaminopheny] 4-toluene- 
sulfonates, 543 
Benzylidene-4-bromophenylsulfonyl- 
acetonitrile, 715 
Benzylidene-2-naphthylsulfonyl- 
acetonitrile, 715 
Benzylidenephenylsulfonylacetonitrile, 
715 
Benzylidene-4-tolylsulfonylacetonitrile, 
715 
Benzylidene-o-xylylene disulfide, 737 
Benzylidene-o-xylylene disulfone, 737 
Benzylmethanedisulfonic acid, 166 
d-Benzylmethylearbiny] 
4-toluenesulfonate, 529, 534, 538 
Benzylmethylmethanedisulfonic acid, 
166 
Benzyl 4-methyl-2-nitropheny] sulfone, 
679 
Benzyl methyl sulfone, from allyl benzyl 
sulfone, 728 
from benzyl propenyl sulfone, 727 
from a polysulfone, 760 
nitration of, 685 
preparation of, 668 
reaction with alkali, 684 
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1-Benzylnaphthalene-4-sulfonamide, 
490 

1-Benzylnaphthalene-4-sulfonic acid, 
276, 431 

1-Benzylnaphthalene-4-sulfonyl 
chloride, 490 

Benzyl 4-nitropheny] sulfide, 663 

Benzyl 3-nitropheny] sulfone, 669, 685 

Benzy] 4-nitropheny] sulfone, 663 

Benzy] 2-nitro-4-trifluoromethylphenyl 
sulfone, 679 

6-Benzyloxyethyl 4-toluenesulfonate, 518 

6-Benzyloxyisobutyl 4-toluenesulfonate, 
518 

8-Benzyloxyisopropy! 4-toluene- 
sulfonate, 518 

-Benzyloxypropyl 4-toluenesulfonate, 
518 


Benzylphenylaminedisulfonic acid, 267 
Benzyl phenyl benzylidene disulfide, 736 
Benzyl phenyl benzylidene disulfone, 
736 
Benzyl phenyl! ethylidene disulfide, 736 
Benzyl phenyl ethylidene disulfone, 736, 
738 
Benzyl phenyl methylene disulfide, 736 
Benzyl phenyl methylene disulfone, 736 
Benzyl pheny] sulfone, behavior with 
formaldehyde, 688 
preparation of, 668, 678 
reaction with alkali, 684 
solubility in alkali, 687 
Benzyl propeny] sulfone, 726, 727 
Benzyl sulfide, 662, 691 
Benzyl sulfone, absorption spectra of, 682 
from benzyl chloride, 681 
preparation of, 662, 668 
properties of methylene groups, 687 
reaction with alkali, 684 
reaction with formaldehyde, 688 
reaction with sodamide, 685 
Benzylsulfonylacetamide, 719 
a-Benzylsulfonyl-y-ethylaulfonyl- 
propene, 749 
4-(Benzylsulfonyl)-phenylhydrazine, 687 
a-Benzylsulfonyl-a-phenylsulfonyl 
ethane, 736 
Benzylsulfonylphenylsulfonylmethane, 
736, 739 
w-(Benzylaulfonyl)-w-(phenylsulfonyl)- 
toluene, 736 
Benzylsulfonylsalicylic acid, 702 
Benzyl sulfoxide, 662 
Benzylthiol-bis-(benzylsulfonyl)- 
methane, 754 
Benzylthiuronium chloride, 384 
Benzyl 4-toluenesulfonate, 518 
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Benzyltolylaminesulfonic acids, 266 
Benzyl 4-tolyl sulfone, 687, 688 
4-(Benzyl-4-tolylsulfonylmethyl- 

sulfonyl)-benzoic acid, 740 
Benzyltrimethylsilicanesulfonic acid, 

207 
Benzyl trithioorthobenzoate, 754 
Benzy] trithioorthoformate, 738, 754 
2,2’-Binaphthylsulfonic acid, 313 
Biphenyldisulfonamides, 485 
Bipheny]-3,3’-disulfonanilide, 485 
Bipheny]-3,3’-disulfonie acid, 373 
Biphenyl-4,4’-disulfoniec acid, 258, 400, 

440 
Bipheny]-2,2’-disulfony] chloride, 409, 

485 
Biphenyl-3,3’-disulfony] chloride, 485 
Biphenyl-4,4’-disulfonyl chloride, * 

258, 409, 461, 485 
Biphenyl-3,3’-disulfony] fluoride, 457 
Biphenyl-4,4’-dithiol, 461 
4,4’-Biphenylene bis-benzenesulfonate, 

541 
4,4’-Biphenylene bis-4-bromobenzene- 

sulfonate, 546 
4,4’-Biphenylene bis-2-nitrobenzene- 

sulfonate, 546 
4,4’-Biphenylene bis-3-nitrobenzene- 

sulfonate, 547 
4,4’-Biphenylene bis-4-nitrobenzene- 

sulfonate, 548 
2,2’-Biphenylene bis-4-teluencsulfonate, 

546 
Biphenyl-4-sulfonamide, 485 
Biphenyl-4-sulfonanilide, 485 
Biphenylsulfoniec acids, 258 

reaction with alkali, 430 
Bipheny]-4-sulfonie acid, 400, 439 
Biphenyl-2-sulfony] chloride, 485 
Biphenyl-4-sulfony] chloride, 485 

nitration of, 409 

reaction with biphenyl, 675 

sulfonation of, 258 
Bis-(4-acetamidopheny]) sulfoxide, 704 
Bis-(4-alkoxypheny]) sulfones, 700 
Bis-(8-aminoethyl) sulfone, 701, 702 
Bis-(aminomesity]) sulfone, 659 
Bis-(4-aminopheny]) sulfone, 704, 705 
Bis-(y-aminopropyl) sulfone, 701 
1,4-Bis-(benzenesulfonamido)-benzene, 

576, 577 
Bis-(benzenesulfonamido)-methane, 585 
Bis-(benzenesulfony])-hy droxyimide, 589 
N,N-Bis-(benzenesulfony])-hydroxy]- 

amine, 595 
N,N’-Bis-(benzenesulfony])-piperazine, 

590 
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N,N’-Bis-(benzenesulfonyl)-urea, 597 
4,4’-Bis-(benzylethylamino)-3”-hydroxy- 
triphenyl methane-4”, 6’’-disulfonie 
acid, 267 
4,4’-Bis(benzylethylamino)-5’’-nitro- 
triphenylmethane-2’’-sulfonic acid, 
267 
a,a-Bis-(benzylsulfonyl)-ethane, 736 
Bis-(8-benzylsulfonylethyl) sulfone, 755 
Bis-(benzylsulfonyl)-methane, 736, 739, 
754 
2,2-Bis-(benzylsulfony!)-3-pentanone, 
737 
2,2-Bis-(benzylsulfonyl)-4-pentanone, 
738 
1,5-Bis-(benzylsulfonyl)-pentane, 748 
2,2-Bis-(benzylsulfonyl)-propane, 736 
1,3-Bis-(benzylsulfonyl)-propane, 748 
Bis-(8-bromoethyl) sulfide, 661 
Bis-(2-bromo-4-methylpheny]) disulfide, 
461 
Bis-(3-bromo-4-methylpheny]) disulfide, 
367, 461 
Bis-(4-bromo-2-nitropheny]) sulfide, 365 
Bis-(4-bromopheny]) sulfide, 664 
Bis-(4-bromopheny]) sulfone, formation 
of, 215 
preparation of, 664, 675, 677 
reaction with sulfur, 682 
a,7-Bis-(4-bromophenylsulfony])- 
aectone, 750 
1,2-Bis-(4-bromophenylsulfonyl)-ethane, 
686, 743 
1,5-Bis-(4-bromophenylsulfony])- 
pentane, 686 
Bis-(n-butylsulfony])-dibromomcthane, 
7A1 
Bis-(n-but vlsulfonyl)-methane, 736, 739 
Bis-(o-carbamylpheny]) disulfide, 618 
Bis-(8-carboxyethy]) sulfide, 151 
Bis-(1-chloro-4-bromonaphthyl) 
sulfone, 279 
Bis-(8-chloroethyl) disulfide, 608 
Bis-(6-chloroethy]) sulfate, 6, 37, 66, 73 
Bis-(a-chloroethy]) sulfide, 661 
Bis-(8-chloroethy]) sulfide, 661 
Bis-(8-chloroethyl) sulfite, 33 
Bis-(a-chloroethyl) sulfone, 661 
Bis-(8-chloroethyl) sulfone, absorption 
spectra of, 682 
preparation of, 661 
reaction with alkali, 689 
reaction with amines, 701 
reaction with sodium ethoxide, 689 
reaction with triethylamine, 725 
reaction with zine, 725 
toxicity of, 690 
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Bis-(8-chloroethyl) sulfoxide, 661 
Bis-(chloromethyl) sulfate, 62 
Bis-(chloromethy]) sulfide, 661 
Bis-(chloromethyl) sulfone, 661 
Bis-(5-chloro-2-nitropheny]) disulfide, 
365 
Bis-(4-chloro-2-nitrophenyl) sulfide, 365 
Bis-(4-chloro-3-nitrophenyl) sulfone, 685 
Bis-(4-chloropheny]) sulfide, 664 
Bis-(4-chloropheny]) sulfone, preparation 
of, 664, 675, 677 
nitration of, 685 
reaction with sulfur, 682 
a,y-Bis-(4-chlorophenylsulfonyl)- 
acetone, 750, 752 
1,2-Bis-(4-chlorophenylsulfonyl)-ethane, 
743, 746 
Bis-(y-chloropropy]) sulfate, 37, 67, 73 
Bis-(y-chloropropyl) sulfide, 661 
Bis-(y-chloropropyl) sulfone, 661 
Bis-(8-chloroviny!) sulfone, 726 
Bis-(a,8-dichloroethy]) sulfide, 726 
Bis-(dibromomethylsulfonylethyl) ether, 
680 
Bis-(4,6-dibromo-2-nitropheny]) 
disulfide, 365 
Bis-(3,4-dibromopheny]) sulfone, 676 
Bis-(a,3-dichloroethyl) sulfide dichloride, 
682 
Bis-(a,8-dichloroethyl) sulfone, 682, 683 
Bis-(4,6-dichloro-2-nitropheny]) 
disulfide, 365 
Bis-(2,5-dichlorophenyl) sulfone, 676 
Bis-(3,4-dichlorophenyl) sulfone, 216, 
676 
4,4’-Bis-(diethylamino)-3’’-hydroxy- 
triphenylmethane-4”’,6’’-disulfonic 
acid, 267 
4,4’-Bis-(dimethylamino)-2’’-chloro- 
triphenylmethanesulfonic acid, 268 
4,4’-Bis-(dimethylamino)-diphenyl- 
methanesulfonic acid, 262 
4,4’-Bis-(dimethylamino)-4’’-methoxy- 
triphenylmethane-3’’-sulfonic acid, 
268 
4,4’-Bis-(dimethylamino)-2’’-methoxy- 
triphenylmethane-5’’-sulfonie acid, 
268 
4,4’-Bis-(dimethylamino)-2”’-methyl- 
triphenylmethane-3”,5’’-disulfonic 
acid, 268 
4,4’-Bis-(dimethylamino)-4’’-methyl- 
triphenylmethane-3’’-sulfonie acid, 
268 
Bis-(4-dimethylaminopheny])-methy] 
phenyl sulfone, 702 
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4,4’-Bis-(dimethylamino)-triphenyl- 
methane-4’’-sulfonic acid, 268 
Bis-(2,5-dimethylpheny]) disulfone, 735 
Bis-(2,4-dimethylpheny]l) sulfone, 677 
Bis-(2,4-dinitrophenyl) disulfide, 365 
Bis-(2,4-dinitrophenyl) sulfide, 365, 665 
Bis-(2,4-dinitrophenyl) sulfone, 665 
Bis-(6-ethoxyethyl) sulfone, 689, 725 
Bis-(4-ethoxypheny]) disulfone, 735 
Bis-(4-ethylpheny]) sulfone, 676 
2,4-Bis-(ethylsulfonyl)-aniline, 747 
1,1-Bis-(ethylsulfony!)-1-bromoethane, 
741 
2,2-Bis-(ethylsulfonyl)-butane, 736 
2,4-Bis-(ethylsulfonyl)-chlorobenzene, 
747 
4,4-Bis-(ethylsulfony])-cyclo- 
hexadienone, 742 
1,1-Bis-(ethylsulfonyl)-cyclohexane, 737, 
742 
Bis-(ethylsulfony!)-dibromomethane, 
741 
Bis-(ethylsulfonyl)-diiodomethane, 741 
3,3-Bis-(ethylsulfonyl)-2,4-dimethyl- 
pentane, 737 
1,1-Bis-(ethylsulfonyl)-ethane, 736, 739, 
741 


a,8-Bis-(ethylsulfonyl)-ethane, 743 
4,4-Bis-(ethylsulfonyl)-heptane, 737, 742 
2,2-Bis-(ethylsulfonyl)-hexane, 737 
Bis-(ethylsulfonyl)-methane, 736, 738 
alkylation of, 739 
ionization of, 740 
reaction with formaldehyde, 739, 756 
3 .3-Bis-(ethylsulfonyl)-2-methylhexane, 
737 
2,2-Bis-(ethylsulfonyl)-pentane, 736 
3,3-Bis-(ethylsulfonyl)-pentane, 736 
Bis-(ethylsulfonyl)-phenylmethane, 739 
2,2-Bis-(ethylsulfony])-1-phenylpropane, 
737 
Bis-(ethylsulfonyl)-phenylsulfonyl- 
methane, 753 
2,2-Bis-(ethylsulfony!)-1-phenyl- 
sulfonylpropane, 755 
Bis-(ethylsulfonyl)-phenylthiomethane 
753 


1,1-Bis-(ethylsulfonyl)-propane, 736 
1,3-Bis-(ethylsulfonyl)-propane, 747, 748 
2,2-Bis-(ethylsulfonyl)-propane, 736 
1,3-Bis-(ethylsulfonyl)-propene, 749 
Bis-(§-ethylthioethyl) sulfone, 726 
Bis-(4-fluoropheny!) sulfone, 676 
a,y-Bis-(4-fAluorophenylsulfony!)- 
acetone, 750 
Bis-(hydroxyary]) sulfone sulfonic acids, 
701 
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Bis-(2-hydroxy-6-bromo-I-naphthyl) 
sulfone, 697 
Bis-(8-hydroxyethyl) sulfone, 725 
Bis-(4-hydroxy-3-methylphenyl]) sulfone, 
233, 695, 696 
Bis-(2-hydroxy-4-methylpheny]) sulfone, 
698 
Bis-(2-hydroxy-l-naphthy]) sulfone, 697 
Bis-(4-hydroxyphenyl) sulfone, 230, 695, 
696 
alkylation of, 700 
tanning agent from, 701 
Bis-(4-iodopheny]) sulfone, 215, 676 
Bis-(isoamylsulfonyl)-methane, 736 
2,2-Bis-(isoamylsulfonyl)-propane, 736 
w,w-Bis-(isoamylsulfonyl)-toluene, 736 
Bis-(isobutylsulfonyl)-methane, 736 
2,2-Bis-(isobutylsulfonyl)-propane, 736 
Bis-(isopropylsulfonyl)-methane, 756 
Bis-(2-methoxypheny]) disulfide, 368 
a,y-Bis-(2-methoxyphenylsulfony])- 
acetone, 750 
Bis-(a-methylacetony]) sulfone, 731 
Bis-(2-methyl]-4-anthraquinonyl) 
disulfide, 366 
Bis-(4-methylbenzy]) sulfide, 662 
Bis-(2-methylearbamylpheny]) disulfide, 
625 
Bis-(4-methyl-2-nitrophenyl) disulfide, 
461 
1,2-Bis-(methylsulfonyl)-benzene, 746 
2,2-Bis-(methylsulfonyl)-butane, 736 
2,2-Bis-(methylsulfony])-3-chlorobutane, 
736 
1,1-Bis-(methylsulfony!)-ethane, 736, 
741 
Bis-(methylsulfonyl)-methane, 736, 741 
Bis-(methylsulfonylmethylsulfony]- 
methyl) sulfone, 757 
3,3-Bis-(methylsulfonyl)-pentane, 736 
1,1-Bis-(methylsulfonyl)-propane, 736 
2,2-Bis-(methylsulfonyl)-propane, 736 
1,3-Bis-(methylsulfonyl)-propane, 748 
4,4’-Bis-(8-naphthalenesulfonamido)- 
biphenyl, 592 
a,y-Bis-(2-naphthylsulfonyl)-acetone, 
750, 751 
1,3-Bis-(2-naphthylsulfonyl)-propane, 
748 
Bis-(3-nitropheny]) disulfide, 499 
Bis-(2-nitrophenyl) sulfide, 365, 664 
Bis-(4-nitropheny]) sulfide, 365, 664 
Bis-(2-nitrophenyl) sulfone, 664 
Bis-(3-nitropheny]) sulfone, 685 
Bis-(4-nitrophenyl) sulfone, 664, 704 
1,2-Bis-(3-nitrophenylsulfony])-ethane, 
743 
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1,2-Bis-(4-nitrophenylsulfonyl)-ethane, 
744, 746 
1,3-Bis-(2-nitrophenylsulfonyl)-propane, 
748 
1,3-Bis-(4-nitrophenylsulfonyl)-propane, 
748 
Bis-(4-nitrophenylthio)-methane, 735 
Bis-(5-nitro-2-pyridyl) sulfone, 724 
Bis-(5-nitro-8-quinolyl) sulfone, 724 
Bis-(8-nitro-5-quinolyl) sulfone, 724 
Bis-(3-nitro-2,4,6-trimethylphenyl) 
sulfone, 686 
Bis-(8-phenoxyethyl) sulfone, 726 
Bis-(8-phenylaminoethyl) sulfone, 726 
Bis-(8-phenylhydrazinoethy]) sulfone, 
726 
Bis-(4-phenylphenyl) sulfone, 675 
1,4-Bis-(phenylsulfiny])-2,5-diacetoxy- 
benzene, 746 
a,y-Bis-(phenylsulfonyl)-acetone, 750, 
751 
2,4-Bis-(phenylsulfonyl)-aniline, 747 
1,2-Bis-(phenylsulfony!)-3-bromo- 
propane, 744 
1,3-Bis-(phenylsulfony])-cyclopentane, 
748 
1,4-Bis-(phenylsulfony])-2,5-diacetoxy- 
benzene, 746 
1,1-Bis-(phenylsulfony])-ethane, 736 
1,2-Bis-(phenylsulfonyl)-ethane, 743, 
744, 745 
Bis-(6-phenylsulfonylisobutyl) ketone, 
753 
Bis-(phenylsulfonyl)-methane, 736, 739 
2,4-Bis-(phenylsulfony])-nitrobenzene, 
747 
2,2-Bis-(phenylsulfony])-}-phthalimido- 
propane, 739 
2,2-Bis-(phenylsulfonyl)-propane, 736, 
737 
1,3-Bis-(phenylsulfonyl)-propane, 748 
2,2-Bis-(phenylsulfonyl)-propylamine, 
739 
2,3-Bis-(phenylsulfonyl)-quinoline, 753 
2,4-Bis-(phenylsulfonyl)-toluene, 747 
¥,7-Bis-(phenylsulfonyl)-n-valeric acid, 
737 
Bis-(8-phenylthioethyl) sulfone, 725 
Bis-(s-phenylthicisobutyl) ketone, 753 
y,y-Bis-(phenylthio)-n-valeric acid, 736 
Bis-(8-phthalimidoethyl) sulfone, 702 
Bis-(n-propylsulfonyl)-methane, 756 
Bis-(tetraacety]-1-galactosyl) sulfone, 
693 
Bis-(tetraacetyl-]-glucosyl) sulfone, 693 
1,5-Bis-(4-toluenesulfonamido)- 
anthraquinone, 578 
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4,4’-Bis-(4-toluenesulfonamido)- 

biphenyl, 592 
4,4’-Bis-(4-toluenesulfonamido)- 

3,3’-dinitrobiphenyl, 595 
2,2-Bis-(4-toluenesulfonamidomethyl)- 

4-t oluenesulfonet hyleneimide, 577 
N,N-Bis-(4-toluenesulfon)- 

4-nitroanilide, 590 
Bis-(4-tolylsulfonyl)-acetamide, 738 
a, y-Bis-(4-tolylsulfonyl)-acetone, 

750, 751, 752 
1,5-Bis-(4-t olylsulfony1)-2,4-dinitro- 

benzene, 746, 747 
1,2-Bis-(4-tolylsulfonyl)-ethane, 

457, 743, 744, 749 
a,§-Bis-(4-tolylsulfonyl)-ethylene, 

748, 749 
Bis-(4-tolylsulfonyl)-methane, 738 
1,3-Bis-(2-tolylsulfony])-propane, 748 
1,3-Bis-(4-tolylsulfonyl)-propane, 748 
a,8-Bis-(4-tolylthio)-ethylene, 749 
Bis-(tribromomethy]) sulfone, 732 
1,3-Bis-(trifluoromethylsulfonyl)- 

benzene, 746 
a,a-Bis-(2,4,5-trimethylphenyl)- 

8,8-dichloroethylenedisulfonic acid, 

263 
Bis-(2,4,6-trimethylphenyl) sulfone, 686 
Bis-(2,4,6-trinitrophenyl) sulfide, 665 
Bis-(2,4,6-trinitrophenyl) sulfone, 665, 

691 
1,3-Bis-(vinylsulfonyl)-benzene, 749 
4-Bornylbenzenesulfonic acid, 206 
Bornyl hydrogen sulfate, 40 
dl-Borny] 4-toluenesulfonate, 519 
d-Bornyl 4-toluenesulfonate, 519, 529, 

532, 534 
Boron trifluoride in sulfonations, 199 
5-Bromoacenaphthene-a-sulfonamide, 

494 
5-Bromoacenaphthene-s-sulfonamide, 

494 
Bromoacenaphthenesulfonic acid, 280 
5-Bromoacenaphthene-a-sulfonyl 

chloride, 494 
5-Bromoacenaphthene-6-sulfonyl 

chloride, 494 
3-Bromo-1-aminopropane- 

2-sulfoniec acid, 124 
2-Bromoaniline-5-sulfonic acid, 254 
4-Bromoaniline-2-sulfonie acid, 254 
4-Bromobenzaldehyde-3-sulfonic acid, 

225 
4-Bromobenzylidine-4-bromophenyl- 

sulfonylacetonitrile, 715 
Bromobenzenedisulfonamides, 466 
4-Bromobenzene-1,2-disulfonanilide, 466 
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4-Bromobenzene-1,3-disulfonic acid, 215 
5-Bromobenzene-1,3-disulfonic acid, 215, 
424, 425 
Bromobenzenedisulfonyl chlorides, 466 
4-Bromobenzenesulfinic acid, 669, 670, 
672, 673, 750 
Bromobcnzenesulfonamides, 463 
6-Bromo-2-benzenesulfonamido- 
4-methylpheny] 2-naphthalene- 
sulfonate, 550 
4-Bromo-1-benzenesulfonamido- 
naphthalene, 595 
4-Bromobenzenesulfonanilides, solubility 
in alkali, 581 
4-Bromobenzenesulfon-g- 
chloroethylamide, 576 
4-Bromobenzenesulfon-2-chloro- 
2-methylpropylamide, 576 
4-Bromobenzenesulfon-2,2- 
dimethyleneimide, 576 
Bromobenzenesulfonic acid, 215, 374 
Bromobenzenesulfonic acids, reduction 
of alkylated, 372 
2-Bromobenzenesulfonic acid, 407 
3-Bromobenzenesulfonic acid, 398, 399, 
439 
4-Bromobenzenesulfonic acid, 
chlorination of, 394 
hydrolysis of 388 
nitration of, 407, 408 
preparation of, 215 
reaction with alkali, 424 
silver salt, bromination of, 399 
4-Bromobenzenesulfonyl bromide, 513, 
673 
2-Bromobenzenesulfony! chloride, 463 
3-Bromobenzenesulfonyl chloride, 463 
4-Bromobenzenesulfony] chloride, 463 
dipole moment of, 496 
hydrolysis of, 497 
reaction with aluminum chloride, 673 
reaction with aromatic compounds, 
674, 675 
reaction with sulfuric acid, 497 
5-Bromobipheny]-2-sulfonyl chloride, 
485 
6-Bromo-2-(4-bromobenzenesulfon- 
amido)-4-methylpheny] 
4-bromobenzenesulfonate, 546 
5-Bromo-2-(4-bromophenoxy )-benzene- 
sulfonyl chloride, 485 
a-Bromo-y-(4-bromophenylsulfony])- 
acetone, 750 
4-Bromobutane-1-sulfonic acid, 134 
a-Bromo-a-(tert-butylaulfonyl)-propionic 
acid, 711 
a-Bromocamphor-f-sulfoniec acid, 141 
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a-Bromocamphor-r-sulfonic acid, 141 
8-Bromocamphor-e-sulfonic acid, 141 
4-Bromo-2-carbethoxyamido-6-methyl- 
phenyl] benzenesulfonate, 541 
6-Bromo-2-carbomethoxyamido- 
4-methylphenyl 2-chloro-5-nitro- 
benzenesulfonate, 548 
6-Bromo-4-carbomethoxy-2-nitropheny] 
4-toluenesulfonate, 545 
2-Bromo-5-chlorobenzenesulfonamide, 
463 
5-Bromo-2-chlorobenzenesulfonamide, 
463 
2-Bromo-5-chlorobenzenesulfonanilide, 
463 
5-Bromo-2-chlorobenzenesulfonanilide, 
463 
1-Bromo-4-chlorobenzenesulfonie acid, 
216 
2-Bromo-5-chlorobenzenesulfonic acid, 
374 
2-Bromo-5-chlorobenzenesulfonyl 
chloride, 216, 463 
5-Bromo-2-chlorobenzenesulfony] 
chloride, 463 
3-Bromo-5-chloro-4-(6-bromo-2,4- 
dichlorophenylamino)-pheny] 
4-toluenesulfonate, 543 
3-Bromo-5-chloro-4- (2-chloro-4,6- 
dibromophenylamino)-phenyl 
4-toluenesulfonate, 543 
6-Bromo-3-chloro-4-(2,4-dichloro- 
phenylamino)-pheny] 4-toluene- 
sulfonate, 543 
2-Bromo-3-chloro-4,6-dinitropheny] 
4-toluenesulfonate, 543 
1-Bromo-2-chloroethanesulfonic acid, 
113 
2-Bromo-1-chloroethanesulfonic acid, 
171 
Bromochloromethanesulfonic acid, 109 
3-Bromo-2-chloro-4-methylaniline- 
5-sulfonic acid, 254 
Bromochloromethylbenzenesulfon- 
amides, 468 
Bromochloromethylbenzenesulfonic 
acids, see Bromochlorotoluene 
sulfonic acids 
Bromochloromethylbenzenesulfony] 
chlorides, 468 
6-Bromo-2-(2-chloro-5-nitrobenzene- 
sulfonamido)-4-methylphenyl 
2-chloro-5-nitrobenzenesulfonate, 
548 
4-Bromo-2-chloro-5-nitrophenyl 
4-methyl-3-nitrobenzenesulfonate, 
549 


a-Bromo-y-(4-chlorophenylsulfonyl)- 
acetone, 750 
w-Bromo-w-4-chlorophenylsulfonyl- 
acetophenone, 722 
4-Bromo-2-chloropheny] 
4-toluenesulfonate, 542 
3-Bromo-2-chloropyridine-5-sulfon- 
amide, 496 
3-Bromo-2-chloropyridine-5-sulfon- 
anilide, 496 
3-Bromo-2-chloropyridine-5-sulfonyl 
chloride, 496 
4-Bromo-3-chlorosulfonylbenzoic acid, 
482 
3-Bromo-5-chlorosulfonylbenzoy] 
chloride, 482 ° 
4-Bromo-2-chlorosulfonylbenzoy] 
chloride, 482, 633 
Bromochlorotoluenesulfonic acids, 218 
219 
4-Bromo-2-cyanobenzenesulfony] 
chloride, 482 
5-Bromo-2-cyanobenzenesulfony] 
chloride, 633 
Bromo-m-cymenesulfonic acid, 372 
Bromo-p-cymenesulfonic acid, 372 
3-Bromo-4-(2,4-dibromophenylamino)- 
pheny] 4-toluenesulfonate, 543 
6-Bromo-2-(3,4-dichlorobenzenesulfon- 
amido)-4-methylpheny! 3,4- 
dichlorobenzenesulfonate, 548 
6-Bromo-2,4-dichloro-3-nitropheny] 
4-methy]-3-nitrobenzenesulfonate, 
549 
6-Bromo-2,4-dichloro-5-nitropheny] 
4-methy]-3-nitrobenzenesulfonate, 
549 
2-Bromo-4,6-dichloropheny] 4-toluene- 
sulfonate, 542 
5-Bromo-2,4-dimethylbenzene-1,3- 
disulfonic acid, 208 
Bromodimethylbenzenesulfonamides, 
372, 471, 472 
5-Bromo-2,4-dimethylbenzenesulfon- 
anilide, 472 
Bromo-1,2-dimethylbenzenesulfonic 
acid, 372 
Bromodimethylbenzenesulfonic acids, 
219 
Bromodimethylbenzenesulfony] 
chlorides, 471, 472 
3-Bromo-2,6-dimethyl-4-ethylbenzene- 
sulfonamide, 475 
3-Bromo-2,4-dimethy]-6-ethylbenzene- 
sulfonic acid, 220 
3-Bromo-2,6-dimethy]-4-ethylbenzene- 
sulfonic acid, 400 
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3-Bromo-2,6-dimethyl-4-ethylbenzene- 
sulfonyl chloride, 475 
4-Bromo-3,5-dinitrobenzenesulfonic acid, 
389 : 
2-Bromo-4,6-dinitrophenyl 4-toluene- 
sulfonate, 543 
4-Bromo-2,6-dinitrophenyl 4-toluene- 
sulfonate, 543 
3-Bromo-4’, 5-dinitro-4-(4-toluene- 
sulfonamido)-bipheny], 594 
4’-Bromo-3,5-dinitro-4-(4-toluene- 
sulfonamido)-biphenyl, 594 
4-Bromodiphenylamine-4’-sulfonic acid, 
405 
4-Bromo-2,6-disulfobenzoic acid, 409 
2-Bromoethant-l-sulfonic acid, 112, 171 
2-Bromoethane-1-sulfony] chloride, 168 
Bromoethionic acid, 133, 172 
3-Bromo-4-ethoxybenzenesulfonamide, 
476 
5-Bromo-2-ethoxybenzenesulfonamide, 
476 
3-Bromo-4-ethoxybenzenesulfonic acid, 
403 
5-Bromo-2-ethoxybenzenesulfonic acid, 
372 
3-Bromo-4-ethoxybenzenesulfonyl 
chloride, 240, 476 
5-Bromo-2-ethoxybenzenesulfonyl 
chloride, 240, 476 
1-Bromo-2-ethoxynaphthalene- 
6-sulfonamide, 489 
1-Bromo-2-ethoxynaphthalene- 
6-sulfony] chloride, 489 
a-Bromo-y-(2-ethoxyphenylsulfony])- 
acetone, 750 
a-Bromo-y-(4-ethoxyphenylsulfonyl)- 
acetone, 750 
4-Bromo-3-ethylbenzenesulfonamide, 
469 
5-Bromo-2-ethylbenzenesulfonamide, 
469 
8-Bromoethyl] benzenesulfonate, 516, 530 
2-Bromo-1-ethylbenzene-5-sulfonic acid, 
219 
4-Bromo-l-ethylbenzene-2-sulfonic acid, 
219 
4-Bromo-3-ethylbenzenesulfony] 
chloride, 469 
5-Bromo-2-ethylbenzenesulfony] 
chloride, 469 
8-Bromoethy] chlorosulfonate, 37 
Bromoethylenesulfonic acid, 133, 172 
a-Bromoethyl] ethyl sulfone, 689 
8-Bromoethy] ethyl sulfone, 689 
4-Bromo-2-ethyl-5-methylbenzene- 
sulfonamide, 472 
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4-Bromo-2-ethy]-5-methylbenzene- 
sulfonic acid, 219 
4-Bromo-2-ethy]-5-methylbenzene- 
sulfony] chloride, 472 
a-Bromoethy] phenyl sulfone, 680, 689 
8-Bromoethy] sulfite, 37 
8-Bromoethy] 4-toluenesulfonate, 517 
4-Bromo-5-fluoro-2,3,6-trimethyl- 
benzenesulfonamide, 474 
4-Bromo-5-fluoro-2,3,6-trimethyl- 
benzenesulfonyl chloride, 474 
5-Bromo-4-hydroxybenzene- 
1,3-disulfonic acid, 411 
1-Bromo-2-hydroxyethane-1-sulfonic 
acid, 133 
5-Bromo-4-hydroxy-3-methylbenzene- 
sulfonanilide, 476 
3-Bromo-4-hydroxy-5-methylbenzene- 
sulfonic acid, 460 
5-Bromo-2-hydroxy-3-methylbenzene- 
sulfonic acid, 240 
5-Bromo-2-hydroxy-4-methylbenzene- 
sulfonic acid, 240 
3-Bromo-2-hydroxy-5-methylbenzene- 
sulfonyl chloride, 477 
3-Bromo-4-hydroxy-5-methylbenzene- 
sulfonyl] chloride, 460 
5-Bromo-2-hydroxy-3-methylbenzene- 
sulfonyl] chloride, 460 
5-Bromo-4-hydroxy-3-methylbenzene- 
sulfonyl! chloride, 476 
3-Bromo-2-hydroxy-5-methylbenzene- 
sulfonyl] fluoride, 454 
3-Bromo-4-hydroxy-5-nitrobenzene- 
sulfonic acid, 411 
5-Bromo-2-iodobenzenesulfonanilide, 463 
5-Bromo-2-iodobenzenesulfonyl chloride, 
463 
6-Bromo-3-iodobenzenesulfonyl chloride, 
463 
Bromoiodomethanesulfonic acid, 109 
4-Bromo-5-isopropy]-2-methylbenzene- 
sulfonamide, 473 
5-Bromo-2-isopropyl-4-methylbenzene- 
sulfonamide, 472 
5-Bromo-4-isopropy]-2-methylbenzene- 
sulfonamide, 473 
4-Bromo-2-isopropy]-5-methylbenzene- 
sulfonic acid, 220 
4-Bromo-5-isopropyl-2-methylbenzene- 
sulfonic acid, 372, 400 
5-Bromo-4-isopropy]-2-methylbenzene- 
sulfonic acid, 400 
4-Bromo-5-isopropyl-2-methylbenzene- 
sulfonyl] chloride, 473 
5-Bromo-2-isopropy]-4-methylbenzene- 
sulfonyl chloride, 472 
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5-Bromo-4-isopropyl-2-methylhenzene- 
sulfonyl chloride, 473 

Bromomethanedisulfonie acid, 161 

Bromomethanedisulfon-N-ethylanilide, 
161 

Bromomethanesulfonic acid, 107 

3-Bromo-4-methoxybenzenesulfonamide, 
476 

5-Bromo-2-methoxybenzenesulfonamide, 
476 

3-Bromo-4-met hoxybenzenesulfonyl 
chloride, 476 

5-Bromo-2-met hoxybenzenesulfonyl 
chloride, 476 

a-Bromo-y-(2-met hoxyphenylsulfony])- 
acetone, 750 

a-Bromo-y-(4-mcthoxyphenylsulfonyl)- 
acetone, 750 

Bromomethylbenzenedisulfonamides, 
471 

4-Bromo-8-methylbenzenc-1 ,3-disulfon- 
anilide, 471 

5-Bromo-2-methylbenzene-1,3-disulfonic 
acid, 220, 409 

Bromomethylbenzenedisulfonyl! 
chlorides, 471 

Bromomethylbenzenesulfonamides, 468 

Bromomethylbenzenesulfonie acids, re- 
duction of, 372 

2-Bromo-5-methylbenzenesulfonie acid, 
218 

3-Bromo-2-methylbenzenesulfonic acid, 
218 

3-Bromo-4-methylbenzenesulfonic acid, 


4-Bromo-2-methylbenzenesulfonic acid, 
218, 408, 426 
4-Bromo-3-methylbenzenesulfonic acid, 
218, 384, 408 
5-Bromo-2-methylbenzenesulfonic acid, 
218, 408 
5-Bromo-3-methylbenzenesulfonic acid, 
426 
6-Bromo-3-methylbenzenesulfonic acid, 
408 
Bromomethylbenzenesulfony! chlorides, 
367, 461, 468 
6-Bromo-4-methyl-2-(4-methyl-3-nitro- 
benzenesulfonamido)-pheny] 
4-methy1-3-nitrobenzenesulfonate, 
549 
4-Bromo-6-methyl-2-naphthalene- 
sulfonamidopheny] benzene-~ 
sulfonate, 541 
6-Bromo-4-methy]-2-(2-naphthalene- 
sulfonamido)-pheny! 2-naphthalene- 
sulfonate, 550 
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5-Bromo-4-methyl-2-nitrobenzene- 
sulfonamide, 469 
BromomethyI]nitrobenzenesulfonic 
acids, 408 
5-Bromo-4-methy]-2-nitrobenzenc- 
sulfonyl chloride, 469 
2-Bromo-3-methylphenyl benzene- 
sulfonate, 540 
2-Bromo-5-methylpheny] benzene- 
sulfonate, 541 
4-Bromo-3-methylpheny] benzene- 
sulfonate, 540 
3-Bromo-4-methylpheny] methy] sulfide, 
664 
3-Bromo-4-methylpheny! methy] sulfone, 
664 
Bromomcethyl] phenyl sulfone, 668 
2-Bromo-3-methylpheny! 4-toluene- 
sulfonate, 544 
Bromomethylpheny] 4-toluenesulfonates, 
544 
Bromomethy] sulfones, 689 
5-Bromo-2-methylthiophene- 
3,4disulfonie anhydride, 318 
Bromomethy] 4-tolyl sulfone, 670, 681, 
720 
Bromonaphthalenesulfonamides, 488 
1-Bromonaphthalene-4-sulfonic acid, 
bromination of, 401 
chlorination of, 396 
hydrolysis of, 388 
preparation of, 281 
reaction with phosphorus penta- 
chloride, 513 
reduction of, 372 
1-Bromonaphthalene-5-sulfonic acid, 
281, 401 
1-Bromonaphthalene-7-sulfonie acid, 401 
2-Bromonaphthalene-6-sulfonic acid, 281 
7-Bromonaphthalene-1-sulfonic acid, 281 
Bromonaphthalenesulfony] chlorides, 
487 
1-Bromo-2-naphthol-6-sulfonic acid, 290 
6-Bromo-2-naphthol-1-sulfonic acid, 290 
a-Bromo-y-(2-naphthylsulfonyl)- 
acetone, 750 
Bromonitrobenzenesulfonamides, 464 
2-Bromo-3-nitrobenzenesulfonic acid, 
407 
2-Bromo-5-nitrobenzenesulfonic acid, 
224, 407 
4-Bromo-2-nitrobenzenesulfonic acid, 
365 
4-Bromo-3-nitrobenzenesulfonic acid, 
224, 407, 425 
Bromonitrobenzenesulfony! chlorides, 
464 
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4-Bromo-3-nitropheny]! 4-chlorophenv] 
sulfone, 686 
4-Bromo-3-nitrophenyl 2,4-dinitro- 
phenyl! sulfone, 672 
2-Bromo-5-nitrophenyl 4-toluene- 
sulfonate, 542 
3-Bromo-2-nitrophenyl 4-toluene- 
sulfonate, 542 
3-Bromo-4’-nit ro-4-(4-toluene- 
sulfonamido)-biphenyl, 534 
3-Bromo-5-nitro-4-(4-toluene- 
sulfonamido)-biphenyl, 504 
2-Bromophenanthrenequinonesulfoni¢ 
acid, 312 
9-Bromophenanthrene-3-sulfonamide, 
495 
10-Bromophenanthrene-3-sulfonamide, 
495 
9-Bromophenanthrene-3-sulfonanilide, 
495 
10-Bromophenanthrene-3-sulfonanilide, 
495 
9-Bromophenanthrenesulfonic acid, 312 
9 (or 10)-Bromophenanthrene-3-sulfonic 
acid, 401 
9-Bromophenanthrene-3-sulfony] 
chloride, 495 
10-Bromophenanthrene-3-sulfony] 
chloride, 495 
4-Bromophenetole-2-sulfonic acid, 372 
a-Bromo-y-(phenetylsulfony])-acetone, 
750 
4-(4-Bromophenoxy )-benzene- 
sulfonamide, 485 
4-(4-Bromophenoxy )-benzenesulfonic 
acid, 264, 403 
4-(4-Bromophenoxy)-benzenesulfony] 
chloride, 264, 459, 485 
Bromopheny! benzencsulfonates, 540 
2-Bromophenyl 4-bromobenzene- 
sulfonate, 546 
4-Bromopheny] n-butyl sulfide, 662 
4-Bromopheny] n-butyl sulfone, 662 
4-Bromopheny] 4-chloro-3-nitropheny] 
sulfone, 686, 704 
4-Bromopheny] 4-chloropheny] sulfone, 
675, 682, 686 
4-Bromopheny] dibromomethy] sulfone, 
680 
4-Bromopheny] 2,4-dinitropheny] 
sulfone, 670 
4-Bromopheny] ethy] sulfide, 662 
4-Bromopheny] ethyl sulfone, 662 
4-Bromopheny] n-hexy] sulfide, 662 
4-Bromopheny] n-hexyl sulfone, 662 
4-Bromopheny] g-hydroxyethy] sulfone, 
693 
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4Bromopheny] isobutyl] sulfide, 662 
4-Bromopheny! isobutyl sulfone, 662 
4-Bromopheny] isopropyl] sulfide, 662 
4Bromopheny] isopropyl] sulfone, 662 
4-Lromophenylmethanesulfonic acid, 116 
4Bromophenyl methy] sulfide, 662 
3-Bromopheny] methyl] sulfone, 685 
4Bromopheny] methyl sulfone, 662, 687 
4-Bromopheny] nitrobenzy] sulfones, 669 
2-Bromo-4phenylphenyl benzene- 
sulfonate, 541 
4-(4-Bromophenyl)-pheny] benzene- 
sulfonate, 541, 554 
4-Bromopheny] 6-phenylethy] sulfide, 
663 


4Bromopheny] #-phenylethy! sulfone, 
663 
4Bromopheny] phenyl] sulfone, 675, 682 
4-Bromophenyl] n-propyl sulfide, 662 
4Bromopheny] n-propyl] sulfone, 662 
4-Bromophenylsulfonylacetamide, 718 
a-Bromo-7-(phen ylsulfony!)-acetone, 
722, 750 
4-Bromophenylsulfonylacetone, 721 
4-Bromophenylsulfonylacetonitrile, 712 
w-Bromo-w-phenylsulfonylacetophenone, 
722 
3-(4-Bromophenylsulfony])-2-(4-bromo- 
phenylsulfonylmethyl)-quinoline, 
752 
a-(4-Bromophenylsulfonyl) dibenzyl- 
acetonitrile, 714 
a-(4-Bromophenylsulfony])-diethyl- 
acetonitrile, 714 
a-(4-Bromophen ylsulfonyl)-y- 
(2-methoxyphenylsulfonyl)-acetone, 
750, 752 
3-(4-Bromophenylsulfony]) -2-(2- 
methoxyphenylsulfonylmethyl)- 
quinoline, 752 
a-(4-Bromophenylsulfonyl)-y-(6-naph- 
thylsulfonyl)-acetone, 750, 752 
3-(4-Bromophenylsulfony])-2-(2-naph- 
thylsulfonylmethyl)-quinoline, 752 
a-(4-Bromophenylsulfony])- 
propionamide, 718 
a-(4-Bromophenylsulfony])-propioni- 
trile, 713 
a-(4-Bromophenylsulfonyl)-y-(4tolyl- 
sulfonyl)-acetone, 750, 752 
3-(4-Bromophenylsulfony])-2-(4-tolyl- 
sulfonylmethyl)-quinoline, 752 
Bromopheny] 4toluenesulfonates, 542 
4-Bromopheny] 4-tolyl sulfone, 675, 682 
y-Bromopropyl methy! sulfide, 661 
y-Bromopropy] methyl sulfone, 661 
a-Bromo-n-propyl phenyl sulfone, 680 
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6-Bromopropy! phenyl sulfone, 729 
a-Bromo-n-propy! 4tolyl sulfone, 680 
6-Bromosaccharin, 633 
4-Bromo-3-sulfamylbenzoic acid, 482 
Bromosulfoacetic acid, 107, 142, 145, 150 
2-Bromo-5-sulfobenzoic acid, 228 
3-Bromo-5-sulfobenzoic acid, 228 
4-Bromo-3-sulfobenzcic acid, 228, 438 
5-Brorno-3-sulfobenzoic acid, 427 
4-Bromo-3-sulfohydrocinnamic acid, 228 
e-Bromosulfopropionic acid, 151 
a-Bromo-a-sulfopropionic acid, 145 
2-Bromothiophene-3, 5-disulfonyl 
chloride, 318 
2Bromothiophene-5-sulfony! chloride, 
318 
3-Bromo-4-(4toluenesulfonamido)- 

* biphenyl, 593, 594 
4-Bromotoluene-w-sulfonic acid, 116 
a-Bromo-4-tolylsulfonylacetamide, 720 
a-Bromo-y-(4tolylsulfonyl)-acetone, 

722, 750 
ow Bromo-w (4tolylsulfonyl)-aceto- 
phenone, 722 
Bromotrimethylbenzenesulfonamides, 
474 
Bromo-1,2,4-trimethylbenzenesulfonic 
acid, 372 
3-Bromo-2,4,5-trimethylbenzencsulfonic 
acid, 219, 400 
3-Bromo-2,4,6-trimethylbenzenesulfonic 
acid, 220, 400 
4-Bromo-2,3,6-trimethylbenzenesulfonic 
acid, 219 
6-Bromo-2,3,5-trimethylbenzenesulfonic 
acid, 219 
Bromotrimethylbenzenesulfonyl 
chlorides, 474 
Brucinesulfonic aeid, 355 
Bucherer reaction, 358 
Butadiene sulfone, 729 
Butane-1,1-disulfonic acid, 166 
Butane-2,2-disulfonie acid, 166 
Butane-2-sulfonamide, 102 
Butane-2-sulfonanilide, 102 
Butane-1-sulfonic acid, 97, 99, 101 
d-Butane-2-sulfonic acid, 97, 101 
Butane-1-sulfonyl chloride, 102 
2-Butene-1,4-disulfonic acid, 125, 174 
4-n-Butoxybenzenesulfonamide, 476 
4-n-Butoxybenzenesulfonyl chloride, 476 
8-n-Butoxyethyl 4-toluenesulfonate, 518 
4-n-Butoxy-3-methylbenzene- 
sulfonamide, 476 
4-n-Butoxy-3-methylbenzenesulfonyl 
chloride, 238, 476 
4-gec-Butylbenzenesulfonamide, 467 
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4-ert-Butylbenzenesulfonamide, 467 

4-sec-Butylbenzenesulfonanilide, 467 

n-Butylbenzenesulfonic acid, 206 

sec-Butylbenzencsulfonic acid, 206 

tert-Butylbenzenesulfonic acid, 206 

4-sec-Butylbenzencsulfonyl chloride, 467 

4-tert-Butylbenzenesulfony! chloride, 467 

2-lert-Butylbutadiene sulfone, 731 

9-n-Butylcarbazole-3-sulfonic acid, 320 

n-Butyl 4-chloro-2-aminophenyl sulfone, 
679 

n-Butyvl 4-chloro-2-nitrophenyl sulfone, 
679 

n-Butyl chlorosulfonate, 34, 68 

n-Butyl 2,5-dichlorobenzenesulfonate, 
516 

4-tert-Buty]-2,6-dimethylbenzenesulfonyl 
fluoride, 454 

4tert-But yl-3,5-dinitro-2-methyl- 
benzenesulfonie acid, 408 

n-Butyl 2,4-dinitrophenyl sulfide, 663 

n-Butyl 2,4-dinitrophenyl! sulfone, 663 

tert-Butylethylbenzencsulfonie acid, 211 

n-Butyl ethyl] sulfide, 661 

n-Butyl ethyl sulfone, 661 

n-Butyl hydrogen sulfate, 17, 34 

scc-Butyl hydrogen sulfate, 36 

5-tert-Butyl 2-hydroxybenzenesulfonic 
acid, 402 

n-Butyl methanesulfonate, 107 

5-Butyl-2-methylbenzenesulfonamide, 
473 

4-tert-Butyl-2-methylbenzenc- 
sulfonamide, 473 

4-sec-Buty]-2-methylbenzene- 
sulfonanilide, 473 

5-sec-Butyl-2-methylbenzene- 
sulfonanilide, 473 

3-Butyl-1-methylbenzenesulfonic acid, 
400 

3-tcri-Butyl-1-methylbenzenesulfonic 
acid, 210 

4-iert-Butyl-2-methylbenzenesulfonic 
acid, 408, 409 

5-Butyl-2-methylbenzenesulfonyl 
chloride, 473 

4-sec-Butyl-2-methylbenzenesulfonyl 
chloride, 473 

5-see-Butyl-2-methylbenzeneaulfonyl 
chloride, 473 

4-iert-Butyl-2-methylbenzenesulfonyl 
chloride, 473 

n-Butyl 4-methy]-2-nitrophenyl sulfone, 
679 

tert-Butyl methyl sulfone, 668 

n-Butyl 4-nitrobenzy! sulfide, 662 

n-Butyl 4-nitrobenzyl sulfone, 662 
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n-Butyl 4-nitrophenyl sulfide, 663 
n-Butyl 3-nitrophenyl sulfone, 685 
n-Butyl 4-nitrophenyl sulfone, 663 
4-n-Butylphenol-2-sulfonic acid, 237 
4-tert-Butylphenol-2-sulfonic acid, 237, 
402 
4-iert-Butylphenyl benzenesulfonate, 541 
tert-Butylphenyl sulfide, 662 
tert-Butyl phenyl sulfone, 662 
4-tert-Butylphenyl 4-toluenesulfonate, 
54 


n-Butyl sulfate, 68, 69, 73 
Butyl sulfates, 68 
n-Butyl sulfide, 17, 661, 691 
n-Butyl sulfite, 68 
n-Butyl sulfone, 661, 682, 683, 691 
n-Butylsulfonylacetamide, 719 
1-But ylsulfonylanthraquinone- 
5-sulfonie acid, 441 
a-(n-Butylsulfonyl)-a-bromo-r- 
butyramide, 720 
a-(n-Butylsulfonyl)-n-butyramide, 719 
a-(n-Butylsulfonyl)-caproamide, 719 
n-Butylsulfonyl-N-ethylacetamide, 719 
a-(n-Butylsulfonyl)-N-ethyl-n- 
butyramide, 719 
a-(n-Butylsulfonyl)-isobutyramide, 719 
a-(n-Butylsulfonyl)-isovaleramide, 719 
4-(n-Butylsulfonyl)-phenylhydrazine, 
687 
1-Butylsulfonyl-5-(phenylthio)- 
anthraquinone, 441 
a-(n-Butylsulfonyl)-propionamide, 719 
a-(tert-Butylsulfonyl)-propionic acid, 708 
e-(tert-Butylthiol)-propionic acid, 708 
n-Butyl 4-toluenesulfonate, 507, 517 
reaction with 2-aminopyridine, 531 
reaction with aniline, 531 
reaction with Grignard reagents, 536 
reaction with magnesium salts, 533 
reaction with phenol, 529 
reaction with potassium cyanide, 533 
reaction with pyridine, 532 
reaction with sodium acetate, 534 
reaction with thiophenols, 530 
sec-Butyl 4-toluenesulfonate, 517, 538 
n-Butyl 4-tolyl sulfide, 664 
n-Butyl 2-tolyl sulfone, 669 
n-Butyl 4-tolyl sulfone, 664 
Butyraldehyde-s-sulfonic acid, 136 
N“Butyrylsulfanilamide, 479 
N-Butyrylsulfanilyl chloride, 479 
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d-8-Camphorsulfinic acid, 735 
d-Camphor-f-sulfonamide, 140 
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Camphorsulfonic acids, 139 
Camphor-a-sulfonic acid, 141 
Camphor-é-sulfonic acid, 139 
Camphor-z-sulfonic acid, 140 
Cannabinyl 3-nitrobenzenesulfonates, 
547 
2-Carbamido-5-methylbenzenesulfonic 
acid, 252 
4-Carbamidotoluene-3-sulfonic acid, 252 
§-Carbamylbenzene- 1,3-disulfonamide, 
482 
§-Carbamyl-2-chlorobenzenc- 
sulfonamide, 482 
a-Carbamylethyl 4-toluenesulfonate, 518 
5-Carbamyl-2-isopropylbenzenc- 
sulfonamide, 483 
§-Carbamyl-2-methoxybenzenc- 
sulfonamide, 483 
5-Carbamyl]-2-methylbenzenc- 
sulfonamide, 482 
4-Carbamyl-2-methyl-5-nitrobenzene- 
sulfonamide, 482 
1-Carbamyl-3-napht hy! 4-toluene- 
sulfonate, 546, 555 
4-Carbamyl-3-nitrobenzenesulfonamide, 
482 
5-Carbamyl-2-n-propylbenzene- 
sulfonamide, 483 
Carbazole-2,7-disulfonic acid, 320, 436 
Carbazole-3-sulfinic acid, 319, 367 
Carbazolesulfonic acids, 393 
Carbazole-2,3,6,8-tetrasulfonic acid, 
320, 436 
Carbazole-3-thiol, 367 
Carbazoletrisulfonic acid, 320 
3-Carbethoxyamido-4-methoxybenzene- 
sulfonyl chloride, 480 
Carbethoxy-p-cresol-o-sulfonyl chloride, 
see carbethoxy-oxymethylbenzene- 
sulfonyl chloride, 695 
a-Carbethoxyethyl 4-toluenesulfonate, 
518, 531, 534 
6-Carbethoxyethyl 4-toluenesulfonate, 
518, 533, 537 
6-Carbethoxy-4-methyl-2-nitrophenyl 
4-toluenesulfonate, 545 
1-Carbethoxynaphthalene-4,7-disulfonyl 
chloride, 491 
1-Carbethoxynaphthalene-4,8-disulfonyl 
chloride, 491 
2-Carbethoxy-4-nitrobenzenesulfonyl 
chloride, 482 
3-(Carbethoxyoxy)-benzene- 
sulfonanilide, 475 
4-(Carbethoxyoxy)-benzene- 
sulfonanilide, 476 
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3-(Carbethoxyoxy)-benzenesulfonyl 
chloride, 475 
4-(Carbethoxyoxy)-benzencsulfonyl 
chloride, 476 
2-Carbethoxyoxy-5-methylbenzene- 
sulfonanilide, 477 
4-Carbethoxyoxy-2-methylbenzene- 
sulfonanilide, 476 
2-Carbethoxyoxy-5-methylbenzene- 
sulfonyl chloride, 477 
4-Carbethoxyoxy-2-methylbenzence- 
sulfonyl chloride, 476 
2-(Carbethoxyoxy)-naphthalene-6, 
8-disulfonamide, 491 
2-(Carbethoxyoxy)-naphthalene-8- 
sulfonanilide, 489 
(Carbethoxyoxy)-naphthalene- 
disulfonyl chlorides, 491 
(Carbethoxyoxy)-naphthalene- 
sulfonanilides, 489 
(Carbethoxyoxy)-naphthalenesulfonyl 
chlorides, 489 
4-Carbethoxyphcnylsulfony] 4-tolyl- 
sulfonylmethane, 739 
N‘-Carbethoxysulfanilamide, 480 
N-Carbethoxysulfanily! chloride, 480 
2-Carbomethoxybenzenesulfonyl 
chloride, 481 
3-Carbomethoxybenzenesulfonyl 
chloride, 482 
Carbomethoxycyclohexylmethyl 
4-toluenesulfonate, 518 
a-Carbomethoxyethyl 4-toluenc- 
sulfonate, 518 
6-Carbomethoxy-3-methyl-4-nitrophenyl 
4-toluenesulfonate, 545 
2-Carbomethoxv-4-nitrobenzenesulfonyl 
chloride, 482 
4-Carbomethoxy-2-nitrophenyl 
4toluenesulfonate, 545 
2-Carbomethoxyphenyl! benzene- 
sulfonate, 541 
1,2-Carbonylaminonaphtholdisulfonyl 
chloride, 491 
1,8-Carbonylaminonaphthol-3,6- 
disulfonyl chloride, 491 
2,3-Carbonyldioxyphenyl benzene- 
sulfonate, 540 
2-Carbophenoxybenzenesulfonyl 
chloride, 481 
2-Carbophenoxy-4-nitrobenzenesulfonyl 
chloride, 482 
2-Carbophenoxyphenyl! benzene- 
sulfonate, 541 
2-Carbo-n-propoxy-4-nitrobenzene- 
sulfonyl chloride, 482 
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2-(Carbo-2-toloxy)-benzenesulfonyl 
chloride, 481 
2-(Carbo-2-toloxy)-4-nitrobenzene- 
sulfonyl chloride, 482 
2-(Carbo-4-toloxy)-4-nitrobenzene- 
sulfonyl chloride, 482 
9-Carboxyanthracenesulfonic acid, 302 
Carboxyanthraquinonesulfonic acids, 394 
5-Carboxybenzene-1,3-disulfonamide, 482 
5-Carboxybenzene-1,3-disulfonyl 
chloride, 482 
2-Carboxybenzenesulfonamide, 579 
4-Carboxybenzenesulfonamide, 597 
4-Carboxybenzenesulfonanilide, 482 
4-Carboxybenzenesulfondichloroamide, 
602 
Carboxybenzenesulfonic acid, see 
Sulfobenzoic acid 
Carboxybenzenesulfonic acids, 393 
3-Carboxybenzenesulfonic acid, 388 
4-Carboxybenzenesulfonmethylamide, 
590 
3-Carboxybenzenesulfony] chloride, 
482, 499 
4-Carboxybenzenesulfony] chloride, 482 
4-Carboxybenzenesulfony] fluoride, 455 
2-Carboxy-1-hydroxy benzene-4,6-disul- 
fonyl chloride, 478 
3-Carboxy-4-hydroxybenzene- 
sulfonanilide, 483 
3-Carboxy-4-hydroxybenzenesulfonyl 
chloride, 483 
5-Carboxy-4-hydrox y-3-methylphenyl 
2-nitrophenyl! sulfone, 672 
2-Carboxy- 1-hydroxynaphthalene-4, 
7-disulfonic acid, 391 
2-Carboxy-1-hydroxynaphthalene-4- 
sulfonic acid, 391 
1-Carboxy-2-hydroxynaphthalene- 
6-sulfonyl chloride, 489 
4-Carboxy-3-methoxybenzene- 
sulfonamide, 483 
4-Carboxy-3-methoxybenzenesulfonyl 
chloride, 483 
5-Carboxy-2-met hoxybenzene- 
sulfonyl chloride, 483 
6-Carboxy-2-methoxyphenyl benzene- 
sulfonate, 541 
4-Carboxy-3-nitrobenzenesulfonamide, 
482 
4-Carboxy-3-nitrobenzenesulfonyl 
chloride, 482 
5-Carboxy-2-nitrophenyl 
4-toluenesulfonate, 545 
Carboxyphenyl! benzenesulfonates, 541 
2’-Carboxy-4-phenylbenzophenone- 
sulfonic acid, 262 
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2-Carboxypheny] s-hydroxyethyl 
sulfone, 693 
4-Carboxyphenylsulfonylmethyl- 
(phenylthio)-p-tolylsulfonyl- 
methane, 740 
a-(4-Carboxyphenylsulfonyl)-a-phenyl- 
sulfonylethane, 740 
4-Carboxyphenylsulfony]-4-tolyl- 
sulfonylbenzylmethane, 740 
8-Carboxy-a-pheny] 4-toluenesulfonate, 
538 
2-Carboxypheny] 2-toluenesulfonate, 549 
2-Carboxypheny] 4-toluencsulfonate, 545 
3-Carboxyphenyl 2-toluenesulfonate, 549 
3-Carboxyphenyl 4-toluenesulfonate, 545 
4-Carboxypheny] 4-toluenesulfonate, 545 
a-Carboxypropyl hydrogen sulfate, 39 
2-Carboxy-4’-sulfobenzophenone, 362 
2-Carboxy-4’-thiolbenzophenone, 367 
Carby] sulfate, 130 
Carvacrolsulfonic acids, 402 
Catechol-3,5-disulfouanilide, 478 
Catecholdisulfonic acid, 354 
Catechol-3,5-disulfonic acid, 242, 425, 
430 
Catechol-3,5-disulfony] chloride, 478 
Catechol-4-sulfonic acid, bromination of, 
403 
chlorination of, 397 
from guaiacol, 242 
preparation of, 241 
reaction with alkali, 425 
Catecholsulfonic acids, 390 
4-Cetoxybenzenesulfonic acid, 233 
Cetyl hydrogen sulfate, 2, 18, 14 
Cheiroline, 701 
Chloramine B, 603 
Chloramine T, conversion to p-sulfamyl- 
benzaldehyde, 607 
in processing of textiles, 613 
intravenous toxicity of, 612 
in treatment of wounds, 612 
oxidation of a-amino acids by, 608 
oxidation of ethyl sulfide with, 608 
reaction with arsine derivatives, 609 
reaction with bis-(8-chloroethy]) 
disulfide, 608 
reaction with hydrogen peroxide, 606 
reaction with phenol and potassium 
iodide, 606 
reaction with phenylmagnesium 
bromide, 609 
reaction with phosphine derivatives, 
609 
reaction with propenylbenzene, 609 
stability of, 604 
synonyms for, 603 
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Chloramine TO, 603, 619 
5-Chloroacenaphthene-8-sulfonic acid, 
279 
Chloroacetaldehydesulfonic acid, 136 
2-Chloroacetamido-5-methylbenzene- 
sulfonamide, 480 
2-Chloroacetamido-5-methy]benzene- 
sulfonyl chloride, 480 
4-Chloroacetamido-1-methy]-2, 5-disul- 
fony] chloride, 481 
3-Chloroacetanilide-4-sulfonic acid, 254 
N*(Chloroacetyl)-sulfanilamide, 479 
N‘.(Chloroacety])-sulfanilanilide, 479 
N-(Chloroacetyl)-sulfanily] chloride, 
479, 498 
2-Chloroaniline-4-sulfonic acid, 254 
3-Chloroaniline-4-sulfonic acid, 255 
3-Chloroaniline-6-sulfonic acid, 255 
4-Chloroaniline-2-sulfonic acid, 254 
4-Chloroaniline-3-sulfonic acid, 254 
Chloroanthraquinonedisulfonic acids, 
307 
Chloroanthraquinonesulfonic acids, 
307, 401 
Chloroanthraquinonesulfony] chlorides, 
494 
2-Chlorobenzaldehyde-5-sulfonic acid, 
224 
4-Chlorobenzene-1,3-disulfonamide, 466 
5-Chlorobenzene-1,3-disulfonamide, 466 
4-Chlorobenzene-1,3-disulfonic acid, 
214, 424 
5-Chlorobenzene-1,3-disulfonic acid, 213, 
424, 425 
2-Chlorobenzene-1,4-disulfony] chloride, 
466 
4-Chlorobenzene-1,2-disulfonyl chloride, 
466 
4-Chlorobenzene-1,3-disulfony] chloride, 
214, 460, 454, 466 
5-Chlorobenzene-1,3-disulfony] chloride, 
466 
4-Chlorobenzenesulfinic acid, 669, 670, 
672, 750 
Chlorobenzenesulfonamides, 463 
4-Chlorobenzenesulfonanilide, 463 
2-Chlorobenzenesulfon-N-(2-chloro- 
benzoyl)-amide, 588° 
3-Chlorobenzenesulfonic acid, 388, 439 
4-Chlorobenzenesulfonic acid, 374, 388 
nitration of, 407, 408 
preparation of, 214 
reaction with alkali, 424 
reaction with benzene and toluene, 677 
reaction with chlorobenzene, 677 
reaction with thionyl] chloride, 395 
reduction of, 372 
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2-Chlorobenzenesulfonyl chloride, 463 
3-Chlorobenzenesulfony! chloride, 463 
4-Chlorobenzenesulfonyl chloride, 
hydrolysis of, 497 
preparation of, 214, 462, 463 
reaction with benzene, 674, 675 
reaction with chlorobenzene, 675 
reaction with oxygen, 500 
reaction with thionyl chloride, 501 
sulfanilamide from, 575 
4-Chlorobenzenesulfony] fluoride, 454 
2-Chlorobenzene-1,3,5-trisulfonyl 
chloride, 466 
3-Chlorobenzisothiazole 1-dioxide, 619 
a-Chlorobenzyl phenyl sulfone, 668 
4-Chlorobenzylthiuronium chloride, 384 
a-Chlorobenzyl 4-tolyl sulfone, 670 
§-Chlorobipheny]-2-sulfony] chloride, 485 
a-Chloro-4,8-bis-(ethylsulfony])- 
propane, 736 
a-Chloroeamphor-f-sulfonic acid, 141 
a-Chloroeamphor-r-sulfonic acid, 141 
w-Chloro-w- (4-chlorophenylsulfonyl)- 
acetophenone, 722 
3-Chloro-5-chlorosulfonylbenzoy] 
chloride, 482 
4-Chloro-3-chlorosulfonylbenzoyl 
chloride, 482 
3-Chloro-5-chlorosulfonyl-2-hydroxy- 
benzoie acid, 239 
5-Chloro-3-chlorosulfonyl-2-hydroxy- 
benzoie acid, 239 
a-Chloro-4-cyanobenzyl phenyl sulfone, 
668 
Chloro-p-cymencsulfonie acid, 374 
4-Chloro-2,6-dialdehydopheny] 
4toluenesulfonate, 545 
5-Chloro-2,4-diaminobenzenesulfonie 
acid, 256 
4-Chloro-3,5-dibromobenzenesulfonyl 
chloride, 463 
4-Chloro-2,6-dibromopheny] 4-toluene- 
sulfonate, 542 
3-Chloro-4- (2,4-dichlorophenylamino)- 
phenyl 4-toluenesulfonate, 543 
4-Chloro-1,2-dihydro-1-(4-toluenesul- 
fonyl)-quinoline, 597 
4-Chloro-2,6-di-(hydroxymethyl)- 
pheny] 4-toluenesulfonate, 545 
4-Chloro-1,3-dimethylbenzene-2, 
6-disulfonie acid, 220 
Chlorodimethylbenzenesulfonamides, 
471, 472 
Chlorodimethylbenzenesulfonic acids, 
217, 219, 426 
Chlorodimethylbenzenesulfonyl 
chlorides, 471, 472 
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2-Chloro-3,5-dinitrobenzenesulfonic 
acid, 407, 425 
4-Chloro-3,5-dinitrobenzenesulfonic 
acid, 407, 425 
4-Chloro-3,5-dinitrobenzenesulfony] 
chloride, 464 
3-Chloro-4,6-dinitro-2-iodophenyl 
4toluenesulfonate, 543 
4-Chloro-2,6-dinitro-3-methylphenyl 
4-toluenesulfonate, 544 
1-Chlorodinitronaphthalene-2-sulfonyl 
chloride, 489 
5-Chloro-1,4-dinitronaphthalene- 
8-sulfony] chloride, 489 
4-Chloro-2,6-dinitropheny] 4-toluene- 
sulfonate, 543 
Chloroethanesulfonic acid, 132 
1-Chloroethane-1-sulfonie acid, 112 
2-Chloroethane-1-sulfonic acid, 112 
Chloroethanesulfony] chloride, 132 
1-Chlorocthane-1-sulfonyl chloride, 112, 
166 
3-Chloro-4-ethoxybenzenesulfonamide, 
476 
5-Chloro-2-ethoxybenzenesulfonamide, 
476 
3-Chloro-4-ethoxybenzenesulfonyl 
chloride, 240, 476 
5-Chloro-2-ethoxybenzencsulfonyl 
chloride, 240, 476 
§-(8-Chloroethoxy)-ethy] 4-toluene- 
sulfonate, 518 
6-Chloroethyl benzenesulfonate, 516, 
525, 527 
8-Chloroethy! chlorosulfonate, 33, 37 
B-Chloroethyl a-chlorovinyl sulfone, 726 
6-Chloroethy] ethyl sulfide, 661 
§-Chloroethy] ethyl sulfone, 661 
6-Chlorocthyl hydrogen sulfate, 37 
4-Chloro-2-ethy]-5-methylbenzene- 
sulfonic acid, 219 
B-Chloroethyl 4-nitropheny] sulfide, 663 
B-Chloroethy] 4-nitrophenyl sulfone, 663 
B-Chloroethyl pheny] sulfide, 662 
a-Chloroethyl phenyl] sulfone, 668, 680, 
689 
s-Chloroethyl pheny] sulfone, 662, 690 
B-Chloroethy] sulfate, 6, 37, 66, 73 
2-Chloro-5-ethylsulfonylbenzenesulfonyl 
chloride, 686 
2-Chloro-5-ethylsulfonylphenyl 
sulfide, 746 
2-Chloro-1-ethylsulfonyl-3-phenyl- 
sulfonylpropane, 749 
8-Chloroethy] 4-toluenesulfonate, 517 
in Friedel-Crafts reaction, 537 
reaction with aniline, 531 


methyl 
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8-Chloroethy] 4-toluenesulfonate, reac- 
tion with ethyl sodioacetoacetate, 
537 
reaction with ethyl sodiomalonate, 537 
reaction with methylaniline, 531 
reaction with phenols, 530 
reaction with potassium phthalimide, 
534 
f-Chloroethy! 4-tolyl sulfide, 664 
a-Chloroethyl 4-tolyl sulfone, 670, 680 
§-Chloroethy] 4-tolyl sulfone, 664 
p-Chloroethyl 2,4,6-trimethylpheny] 
sulfide, 664 
p-Chloroethyl 2,4,6-trimethylpheny] 
sulfone, 664 
6-Chloroethy! vinyl sulfone, 725, 726 
4-Chloro-5-fluoro-2,3,6-trimethy]- 
benzenesulfonamide, 474 
4-Chloro-5-fluoro-2,3,6-trimethy]- 
benzenesulfony! chloride, 474 
a-Chloroglucose tetrahydrogen sulfate, 44 
Chlorohydroquinonesulfonic acids, 244, 
354 
5-Chloro-4-hydroxybenzene-1 ,3- 
disulfonic acid, 425 
3-Chloro-4-hydroxybenzenesulfonic acid, 
411, 425 
5-Chloro-2-hydroxybenzenesulfonic acid, 
411, 426 
3-Chloro-4-hydroxybenzenesulfony] 
fluoride, 454 
3-Chloro-4-hydroxy-5-methylbenzene- 
sulfonic acid, 425 
6-Chloro-2-(hydroxymethy])-benzene- 
sulfonyl chloride, 633 
3-Chloro-4-hydroxy-5-nitrobenzene- 
sulfonic acid, 411 
10-Chloro-9-hydroxyphenanthrene- 
disulfonic acid, 312 
3-Chloro-2-hydroxypropane-| -sulfonic 
acid, 134, 135 
5-Chloro-8-hydroxyquinoline-7-sulfonic 
acid, 321 
3-Chloro-4-hydroxy-5-sulfobenzoic acid, 
428 
5-Chloro-2-iodobenzenesulfonanilide, 463 
5-Chloro-2-iodobenzenesulfony! chloride, 
463 
6-Chloro-3-iodobenzenesulfony] chloride, 
463 
Chloroiodomethanesulfonic acid, 109 
4-Chloro-2-isopropyl-5-methylbenzene- 
sulfonamide, 473 
4-Chloro-5-isopropyl-2-methylbenzene- 
sulfonamide, 473 
4-Chloro-2-isopropyl-5-methylbenzene- 
sulfonanilide, 473 
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4-Chloro-2-isopropy!-5-methylbenzene- 
sulfonic acid, 220 
4-Chloro-5-isopropy!-2-methylbenzene- 
sulfonic acid, 220, 408 
4-Chloro-2-isopropy]-5-methylbenzene- 
sulfonyl chloride, 473 
4-Chloro-5-isopropy]-2-methy]lbenzene- 
sulfonyl chloride, 473 
4-Chloro-5-isopropyl-2-methyl-?- 
nitrobenzenesulfonic acid, 408 
Chloromethanedisulfonic acid, 101, 145 
Chloromethanesulfonbenzoylamide, 106 
Chloromethanesulfon-N-ethylanilide, 
161 
Chloromethanesulfonic acid, 106, 118, 
129 
Chloromethanesulfonyl chloride, 106 
3-Chloro-4-methoxybenzenesulf onamide, 
476 
5-Chloro-2-methoxybenzenesulfonamide, 
476 
3-Chloro-4-methoxybenzenesulfonic 
acid, 240 
3-Chloro-4-methoxybenzenesulfony] 
chloride, 476 
5-Chloro-2-methoxybenzenesulfony] 
chloride, 240, 476 
3-Chloro-4-methylaniline-6-sulfonic acid, 
254 
Chloromethylbenzenedisulfonanilides, 
470, 471 
Chloromethylbenzenedisulfonic acids, 
220 
Chloromethylbenzenedisulfonyl 
chlorides, 470, 471 
Chloromcthylbenzenesulfonamides, 467, 
468 
Chloromethylbenzenesulfonanilides, 467, 
468 
2-Chloro-5-methylbenzenesulfonic 
218, 220, 426 
3-Chloro-4-methylbenzenesulfonic 
220, 394, 408 
4-Chloro-2-methylbenzenesulfonic 
218, 408 
4-Chloro-3-methylbenzenesulfonic 
217, 218, 220, 408, 678 
5-Chloro-2-methylbenzenesulfonic acid, 
217, 218, 220 
5-Chloro-3-methylbenzenesulfonic acid, 
426 
Chloromethylbenzenesulfonic acids, 
from amino compounds, 374 
reduction of, 372 
3-Chloro-4-methylbenzene- 
sulfonpiperidide, 553 


acid, 
acid, 
acid, 


acid, 
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2-(Chloromethyl)-benzenesulfonyl 
chloride, 456, 467 
2-Chloro-4-methylbenzenesulfony] 
chloride, 468 
3-Chloro-2-methylbenzenesulfonyl 
chloride, 467, 512, 633 
3-Chloro-4-methylbenzenesulfony] 
chloride, 468, 512 
4-(Chloromethy])-benzenesulfonyl 
chloride, 467, 512 
4-Chloro-2-methylbenzenesulfony! 
chloride, 467 
4-Chloro-3-methylbenzenesulfonyl 
chloride, 467, 512 
5-Chloro-2-methylbenzenesulfonyl 
chloride, 467 
6-Chloro-3-methylbenzenesulfonyl 
chloride, 467 
3-Chloro-2-methylbenzenesulfony! 
fluoride, 454 
4-Chloro-2-methylbenzene-1,3-5- 
trisulfony! chloride, 471 
Chloromethy] chlorosulfonate, 23, 62 
Chloromethyl ethyl sulfide, 661 
Chloromethy] ethyl sulfone, 661 
Chloromethy! methy] sulfate, 61, 73 
2-Chloro-4-methy]-5-nitrobenzenesulfinic 
acid, 503, 670 
Chloromethylnitrobenzenesulfonamides, 
469 
Chloromethylnitrobenzenesulfonic acids, 
408 
Chloromethylnitrobenzenesulfonyl 
chlorides, 469, 503, 512 
5-Chloro-4-methy]-2-nitrobenzene- 
sulfonyl! fluoride, 454 
4-Chloro-2-methy]-6-nitropheny] 
trifluoromethyl sulfone, 664 
4-Chloro-3-methyIphenol-6-sulfonic acid, 
240; see also Chlorohydroxymethyl- 
benzenesulfonic acids 
3-Chloro-8-methylphenoxathiin 
10-dioxide, 699 
2-Chloro-3-methylphenyl benzene- 
sulfonate, 540 
4-Chloro-3-methylphenyl benzene- 
sulfonate, 540 
6-Chloro-3-methylphenyl benzene- 
sulfonate, 540 
Chloromethyl phenyl! sulfone, prepara- 
tion of, 668, 680, 711 
reaction with ethylmagnesium iodide, 
458 
reaction with metal salts, 689 
reduction of, 689 
Chloromethylpheny!] 4-toluenesulfonates, 
544 
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Chloromethy] sulfate, 62, 73 
4-Chloro-3-methylsulfonylpheny! ethy! 
sulfone, 746 
Chloromethy! 4-tolyl sulfone, 670, 6&0 
2-Chloronaphthalene-6,8-disulfonamide, 
491 
1-Chloronaphthalene-3,5-disulfonic acid, 
278 
1-Chloronaphthalene-4,6-disulfonic acid, 
278 
1-Chloronaphthalene-4,7-disulfonic acid, 
278, 426 
2-Chloronaphthalene-4,6-disulfonic acid, 
279 
2-Chloronaphthalene-4,7-disulfonic acid, 
279 
2-Chloronaphthalene-6,8-disulfonic acid, 
278 
Chloronaphthalenedisulfonic acids, 374 
Chloronaphthalenedisulfonyl chlorides, 
490, 491 
Chloronaphthalenesulfonamides, 487 
1-Chloronaphthalene-4-sulfonanilide, 487 
1-Chloronaphthalene-5-sulfonanilide, 487 
1-Chloronaphthalene-4-sulfonic acid, 
277, 278, 401, 426 
1-Chloronaphthalene-5-sulfonic acid, 
278, 395, 426 
1-Chloronaphthalene-6-sulfonic acid, 
278, 395 
1-Chloronaphthalene-7-sulfonie acid, 
278, 395 
2-Chloronaphthalene-6-sulfonic acid, 278 
2-Chloronaphthalene-7-sulfonic acid, 279 
2-Chloronaphthalene-8-sulfonic acid, 278 
Chloronaphthalenesulfonic acids, 374 
1-Chloronaphthalene-4-sulfonyl 
bromide, 513 
Chioronaphthalenesulfony! chlorides, 
277, 410, 487 
1-Chloronaphthalene-2,4,7-trisulfonic 
acid, 278 
4-Chloronaphthalene-1,3,6-trisulfonic 
acid, 426 
1-Chloronaphthalene-2,4,7-trisulfonyl 
chloride, 491 
6-Chloronaphthalene-1,2,5-trisulfonyl 
fluoride, 455 
1-Chloro-2-naphthol-6-sulfonie acid, 290 
1-Chloro-2-naphthyl methyl sulfone, 670 
4-Chloro-3-nitroaniline-6-sulfonic acid, 
254 
4-Chloro-5-nitrobenzene-1,3-disulfonyl 
chloride, 466 
4-Chloro-2-nitrobenzenesulfinic acid, 669 
Chloronitrobenzenesulf onamides, 464 
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2-Chloro-5-nitrobenzenesulfonic acid, 
224, 407 
2-Chloro-6-nitrobenzenesulfonic acid, 
224 
4-Chloro-2-nitrobenzenesulfonic acid, 
407 
4-Chloro-3-nitrobenzenesulfonic acid, 
224, 407 
5-Chloro-2-nitrobenzenesulfonic acid, 
363, 365 
Chloronitrobenzenesulfonyl chlorides, 
464, 503, 675 
2-Chloro-5-nitro-4-methylphenyl methy! 
sulfone, 670 
2-Chloro-4-nitro-5-methylphenyl 
trifluoromethy! sulfone, 664 
2-Chloro-4-nitro-5-methylpheny! 
trifluoromethyl sulfoxide, 664 
4-Chloro-6-nitro-2-methylphenyl 
trifluoromethy] sulfoxide, 664 
Chloronitronaphthalenesulfonamides, 
488, 489 
1-Chloro-4-nit ronaphthalene-6-sulfon- 
anilide, 488 
1-Chloro-8-nitronaphthalene-4-sulfonic 
acid, 281 
Chloronitronaphthalenesulfonyl 
chlorides, 410, 488, 489 
3-Chloro-2-nitrophenol-4-sulfonic acid, 
240 
3-Chloro-6-nitrophenol-4-sulfonic acid, 
240 
2-(5-Chloro-2-nitrophenoxy)-5-methyl- 
benzenesulfinic acid, 699 
2-(4-Chloro-2-nitrophenylamino)- 
benzenesulfonic acid, 706 
4-Chloro-2-nitropheny] 4-chloro- 
3-nitropheny] sulfide, 664 
4-Chloro-2-nitrophenyl 4-chloro- 
3-nitropheny] sulfone, 664 
4-Chloro-3-nitrophenyl 4-chlorophenyl 
sulfone, 675, 685 
4-Chloro-2-nitrophenyl cyclohexy] 
sulfone, 672 
4-Chloro-2-nitropheny! 2,5-dichloro- 
phenyl sulfide, 664 
4-Chloro-2-nitropheny] 2,5-dichloro- 
phenyl! sulfone, 664 
4-Chloro-3-nitropheny] 2,4-dinitrophenyl 
sulfone, 672 
4-Chloro-2-nitrophenyl ethyl sulfone, 
679 
4-Chloro-2-nitrophenyl 4-methylbenzyl 
sulfone, 679 
4-Chloro-2-nitrophenyl methyl! sulfone, 
679 
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5-Chloro-2-nitrophenyl methyl sulrone, 
679 

2-Chloro-4-nitrophenyl 2-naphthy! 
sulfone, 671 

4-Chloro-2-nitrophenyl! phenyl] sulfide, 
664 

5-Chloro-2-nitropheny! pheny! sulfide, 
664 

3-Chloro-4-nitropheny! phenyl sulfone, 
686 

4-Chloro-2-nitrophenyl pheny! sulfone, 
664 

4-Chloro-3-nitrophenyl phenyl sulfone, 
746 

§-Chloro-2-nitrophenyl phenyl sulfone, 
664 

4-Chloro-2-nitrophenyl n-propyl] sulfone, 
679 

4-Chloro-2-nitrophenylsulfonylacetic 
acid, 679 

§-Chloro-2-nitrophenylsulfonylacetic 
acid, 679 

a-(4-Chloro-2-nitrophenylsulfonyl)- 
n-butyric acid, 679 

a-(4-Chloro-2-nitropheny|sulfonyl)- 
phenylacetic acid, 679 

a-(4-Chloro-2-nitropheny lsulfonyl)- 
propionic acid, 679 

a-(4-Chloro-2-nitrophenylsulfony])- 
4-tolylacetic acid, 679 

a-(4-Chloro-2-nitrophenylsulfonyl)- 
n-valeric acid, 679 

4-Chloro-2-nitrophenyl 4-toluene- 
sulfonate, 542 

Chloronitropheny] 4-toly] sulfides, 665 

Chloronitrophenyl 4-tolyl sulfones, 665, 
671, 672 

2-Chloro-4-nitropheny! trifluoromethyl 
sulfide, 663 

2-Chloro-4-nitropheny! trifluoromethy] 
sulfone, 663 ; 

2-Chloro-4-nitropheny! trifluoromethyl 
sulfoxide, 663 

Chloropentane-1-sulfonic acid, 101 

9-Chlorophenanthrene-3-sulfonamide, 
495 

9-Chlorophenanthrene-3-sulfonanilide, 
495 

9-Chlorophenanthrene-3-sulfonic acid, 
312 

9-Chlorophenanthrene-3-sulfony! 
chloride, 495 

10-Chlorophenanthrene-3-sulfonyl 
chloride, 495 

3-Chlorophenol-4,6-disulfonic acid, 240 

4-Chlorophenol-2,6-disulfonic acid, 240, 
362 
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Chlorophenolsulfonie acids, 240, 397 
8-(4-Chlorophenoxy)-ethyl benzene- 
sulfonate, 518 
p-(3-Chlorophenoxy)-ethyl 4-toluene- 
sulfonate, 518 
p-(4-Chlorophenoxy)-ethy] 4-toluene- 
sulfonate, 537 
4-(4-Chlorophenylamino)-phcny] 
4-toluenesulfonate, 543 
Chlorophenylaminosulfonie acid, 303 
2-Chloro-5-phen ylcarbamylbenzene- 
sulfonanilide, 4&2 
2-Chlorophenyl 4-chloro-2-nitro- 
benzenesulfonate, 548 
4-Chloropheny] 4-chloro-2-nitro- 
benzenesulfonate, 548 
4-Chlorophenyl 4-cyanobenzy] sulfone, 
669° 
4-Chlorophenyl dibromomethyl sulfone, 
680 
4-Chloropheny] 2,4-dinitrophenyl 
sulfone, 670, 672 
4-Chlorophenyl ethyl sulfone, 669, 686 
4-Chlorophenyl @-hydroxyethyl sulfone, 
693 
4-Chloropheny] isopropyl! sulfone, 669 
Chlorophenyl methyl sulfones, 669, 686 
4-Chloropheny] 2-naphthyl sulfone, 677 
4-Chloropheny] 2-nitrobenzyl sulfone, 
669 
4-Chloropheny] 3-nitrobenzyl sulfone, 
669 
4-Chloropheny] 4-nitrobenzyl sulfone, 
669 
4-Chlorophenyl 2-nitropheny] sulfone, 
672 
4-Chloropheny! pheny] sulfone, 675, 677 
4-Chlorophenylsulfonylacetzmide, 718 
4-Chlorophenylsulfonylacetic acid, 709, 
710 
4-Chlorophenylsulfonylacetone, 721 
4-Chlorophenylsulfonylacetonitrile, 712 
w-Chloro-w-(phenylsulfony!)-aceto- 
phenone, 722 
4-Chlorophenylsulfonylacetophenone, 
721 
3-(4-Chlorophenylsulfony!)-carbostyril, 
715 
3-(4-Chlorophenylsulfony!)-2-(4-chloro- 
phenylsulfony!)-methylquinoline, 
752 
3-(4-Chlorophenylsulfonyl)-coumarin, 
710 
a-(4-Chlorophenylsulfonyl)-dibenzyl- 
acetonitrile, 714 
w-(4-Chlorophenylsulfonyl)-w,w- 
dibromoacetophenone, 722 


w-(4-Chlorophenylsulfonyl)-«,0- 
dichloroacetophenone, 722 
«-(4-Chlorophenylsulfonyl)-diethyl- 
acetonitrile, 714 
a-(4-Chlorophenylsulfonyl)- 
diisopropylacetonitrile, 714 
a-(4-Chlorophenylsulfonyl)- 
di-n-propylacetonitrile, 714 
3-(4-Chlorophenylsulfonyl)-7-hydroxy- 
coumarin, 710 
3-(4-Chlorophenylsulfony!)-2-hydroxy- 
quinoline, 715 
a-(4-Chlorophenylsulfonyl)- 
+-(2-naphthylsulfony!)-acetone, 
750, 752 
3-(4-Chlorophenylsulfonyl)- 
2-(2-naphthylsulfonylmethyl)- 
quinoline, 752 
a-(4-Chlorophenylsulfonyl)-y-(phenyl- 
sulfonyl)-acetone, 750, 752 4 
3-(4-Chlorophenylsulfonyl)-2-(phenyl- 
sulfonylmethyl)-quinoline, 752 
«-(4-Chlorophenylsulfonyl)-propion- 
amide, 718 
a-(4-Chloropheny])-sulfonylpropio- 
nitrile, 733 
2-Chloro-3-phenylsulfonylquinoline, 753 
«-(4-Chlorophenylsulfonyl)-7-(4- 
tolylsulfonyl)-acetone, 750, 752 
3-(4-Chlorophenylsulfonyl)-2-(4- 
tolylsulfonylmethyl)-quinoline, 752 
«-(4-Chlorophenylsulfonyl)-y,7,7- 
tribromoacetone, 722 
a-(4-Chlorophenylsulfonyl)-y,7,7- 
trichloroacetone, 722 
4-Chlorophenyl 1,2,3,4-tetrahydro-6- 
naphthyl sulfone, 677 
2-Chloropheny] 4-toluenesulfonate, 542 
4-Chloropheny] 4-toly] sulfone, 675, 677 
2-Chloropheny! trifluoromethyl sulfide; 
66: 


2 
4-Chlorophenyl trifluoromethyl sulfide, 
662 
2-Chloropheny! trifluoromethyl sulfone, 
662 
4-Chlorophenyl trifluoromethyl sulfone, 
66 


2 
4-Chloropheny] 2,4,6-trinitrophenyl 
sulfone, 670 
Chloropropane-1-sulfonie acid, 102 
y-Chloropropy] chlorosulfonate, 37 
y-Chloropropyl] ethyl sulfide, 661 
y-Chloropropy] ethyl sulfone, 661 
g-Chloropropyl methyl sulfide, 758 
y-Chloropropyl pheny] sulfide, 662 
g-Chloropropy] pheny! sulfone, 729 
y-Chloropropyl phenyl sulfone, 662 
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+-Chloropropy] sulfate, 37, 67, 73 
+-Chloropropy] sulfite, 37 
+-Chloropropyl 4-toluenesulfonate, 517, 

534, 535 
6-Chloropyridine-3-sulfonamide, 496 
6-Chloropyridine-3-sulfonanilide, 496 
6-Chloropyridine-3-sulfony] chloride, 496 
Chlorosaccharins, 633, 634 
Chlorosulfoacetaldehyde, 136 
Chlorosulfoacetic acid, 142, 145, 148, 149 
3-Chloro-5-sulfobenzoic acid, 228 
4-Chloro-3-sulfobenzoic acid, 228, 427, 

438 
3-Chloro-5-sulfofuroic acid, 315 
5-Chloro-3-sulfofuroic acid, 315 
3-Chlorosulfonylbenzoic acid, 499 
4-Chlorosulfonylbenzoic acid, 482 
2-Chlorosulfonylbenzoy] chloride, 

453, 481, 625 
3-Chlorosulfonylbenzoy! chloride, 482 
4-Chlorosulfonylbenzoy] chloride, 455 
4-Chlorosulfonylbiphenyl-4’-sulfonic 

acid, 258 
4-Chlorosulfonylcinnamic acid, 229, 483 
4-Chlorosulfonylcinnamoy! chloride, 483 
§-Chlorosulfony]-4-hydroxy-I,3-benzene- 

dicarboxylic acid, 241 
5-Chlorosulfony]-2-hydroxybenzoic acid, 

483 


5-Chlorosulfony]-4-hydroxyisophthalic 
acid, 241 
6-Chlorosulfonyl-2-hydroxy-1-naphthoic 
acid, 489 
3-Chlorosulfony]-4-isopropylbenzoy] 
chloride, 483 
3-Chlorosulfony]-4-methoxybenzoic acid, 
483 
4-Chlorosulfony]-2-methoxybenzoic acid, 
483 
3-Chlorosulfonyl-4-methoxybenzoyl 
chloride, 483 
2-Chlorosulfony]-4-methylbenzoy] 
chloride, 482 
3-Chlorosulfonyl-4-methylbenzoy] 
chloride, 482 
2-Chlorosulfony]-5-methyl-4-nitro- 
benzoyl chloride, 482 
4-Chlorosulfony]-5-methyl-2-nitro- 
benzoyl chloride, 482 
Chlorosulfonylmethylsalicyclic acids, 239 
5-Chlorosulfonylnaphthalene-1-sulfony! 
fluoride, 490 
3-Chlorosulfonyl-2-naphthoyl chloride, 
490 
4-Chlorosulfony]-2-nitrobenzoic acid, 482 
2-Chlorosulfonyl-5-nitrobenzoy] 
chloride, 482 
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4-Chlorosulfony]-2-nitrobenzoyl 
chloride, 482 
4-Chlorosulfonylphenylacetic acid, 228, 
483 
4-Chlorosulfony]-1,2-phthalic acid, 483 
4-Chlorosulfony]-1,2-phthaly! chloride, 
483 
3-Chlorosulfonyl-4-n-propylbenzoy] 
chloride, 483 
Chlorosulfonylsalicyclic acid, 239 
a-Chlorosulfopropionic acid, 145 
a-Chloro-a-sulfopropionic acid, 151 
6-Chlorotetralin-7-sulfonamide, 484 
Chlorotetralinsulfonic acids, 222 
6-Chlorotetralin-7-sulfony! chloride, 484 
4-Chloro-2,3,5,6-tetramethylbenzene- 
sulfonamide, 475 
4-Chloro-2,3,5,6-tetramethylbenzene- 
sulfonic acid, 220, 222 
4-Chloro-2,3,5,6-tetramethylbenzene- 
sulfonyl] chloride, 475 
2-Chlorothiophene-5-sulfony! chloride, 
318 
Chlorotoluenedisulfonic acids, 220; see 
also Chloromethylbenzenedisulfonic 
acids 
2-Chlorotoluene-w-sulfonamide, 115 
4-Chlorotoluene-w-sulfonamide, 115 
Chlorotoluenesulfonic acids, see Chloro- 
methylbenzenesulfonic acids 
2-Chlorotoluene-w-sulfonyl chloride, 116 
w-Chloro-w-(4-tolylaulfony!)-aceto- 
phenone, 722 : 
Chlorotolyl tolyl sulfone, 676 
Chloro-tris-(phenylsulfony!)-methane, 
755 
Chloroxylenesulfonic acids, see Chloro- 
dimethylbenzenesulfonic acids 
Cholestany] 4-toluenesulfonate, 519 
Cholestenonesulfonic acid, 138 
Cholesteryl hydrogen sulfate, 40 
Cholesteryl 4-toluenesulfonate, 519, 529, 
533 
Chromansulfonic acid, 317 
Chrysenequinonedisulfonic acid, 315 
Cinchoniny] 4-toluenesulfonate, 519, 538 
Cinnamylidene-4-bromophenyl- 
sulfonylacetonitrile, 715 
Cinnamylidene-§-naphthy]- 
sulfonylacetonitrile, 715 
Cinnamylidenephenylsulfonyl- 
acetonitrile, 715 
Codeine-N-oxidesulfonic acid, 324 
Coumarinsulfonic acid, 316 
Cresolsulfonic acids, 233-236; see also 
Methylphenolsulfonic acids 
bromination of, 402 


INDEX 


Cresolsulfonic acids, chlorination of, 396 
from amino compounds, 375 
hydrolysis of, 391 
iodination of, 406 
nitration of, 411 

Crocein acid, see 2-naphthol-8-sulfonic 

acid, 386 

Cyanoacetanilidedisulfonic acid, 155 

2-Cyanobenzenesulfonamide, 482, 618 

2-Cyanobenzenesulfonanilide, 482 

2-Cyanobenzenesulfonyl chloride, 482, 

626, 632 

4-Cyanobenzenesulfony] chloride, 482 

2-Cyanobenzenesulfony! fluoride, 454 

4-Cyanobenzyl l-naphthyl sulfone, 670 

4-Cyanobenzyl phenyl sulfone, 668 

4-Cyanobenzy] 4-tolyl sulfone, 670 

§-Cyanoethyl 4-toluenesulfonate, 508, 

518 
in Friedel-Crafts reaction, 537 
reaction with ethyl sodiomalonate, 537 
reaction with potassium carbonate, 
533 
reaction with resorcinol, 530 
4-Cyano-2-methoxy-6-nitrophenyl 
4-toluenesulfonate, 545 
4-(Cyanomethyl)-benzenesulfonic acid, 


2-Cyano-5-methylbenzenesulfony! 
chloride, 482 
2-Cyano-4-methy]-6-nitrophenyl 
4-toluenesulfonate, 545 
Cyanomethy] pheny1 sulfone, 679 
1-Cyanonaphthalene-8-sulfonamide, 489 
2-Cyanonaphthalene-1-sulfonamide, 489 
1-Cyanonaphthalene-8-sulfonic acid, 432 
Cyanonaphthalenesulfonyl chlorides, 489 
636 
2-Cyano-4-nitrobenzenesulfonamide, 482 
2-Cyano-4-nitrobenzenesulfonanilide, 
482 
2-Cyano-4-nitrobenzenesulfonyl 
chloride, 482 
4-Cyano-2-nitrophenyl 4-toluene- 
sulfonate, 545 
Cyclic disulfones, 744 
Cyclohexanesulfinic acid, 672 
Cyclohexanesulfonic acid, 99 
Cyclohexene di-4-toluenesulfonate, 519 
Cyclohexene polysulfone, 759 
Cyclohexenesulfinic acid, 759 
Cyclohexenylsulfone, 759 
4-Cyclohexeny] 4-tolyl sulfone, 728 
4-Cyclohexylbenzenesulfonic acid, 206 
2-Cyclohexyleyclohexy] 4-toluene- 
sulfonate, 519 
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4-Cyclohexyl-2,6-di(hydroxymethyl)- 
pheny] 4-toluenesulfonate, 545 

Cyclohexy] hydrogen sulfate, 40 

4-Cyclohexy]-2-methylbenzenesulfonic 
acid, 211 

Cyclohexy] 2-nitro-4-chloropheny] 
sulfone, 672 

Cyclohexy] 2-nitropheny] sulfone, 679 

Cyclopentanesulfonic acid, 99 

m-Cymenesulfonic acid, 372 

p-Cymenesulfonic acid, 210, 372, 423, 
439 

Cymenesulfonic acids, see Isopropyl- 
methylbenzenesulfonic acids 

Cysteic acid, 151 


D 


Decacyclenetrisulfonic acid, 314 
Decalyl 4-toluenesulfonate, 519, 529 
Decane-1-sulfonic acid, 99 
n-Decyl 4-bromobenzenesulfonate, 516 
n-Decyl sulfate, 70, 73 
Desoxybenzoinsulfonic acid, 263 
Desoxycorticosterone 4-toluene- 
sulfonate, 515 
Desyl benzenesulfonate, 516 
2,3-Diacetoxycyclohexyl 4-toluene- 
sulfonate, 519 
3,5-Diacetoxy-4-(3,4,5-triacetoxy- 
benzenesulfonoxy)-benzenesulfonic 
acid, 548 
2,6-Dialdehydo-4-methoxyphenyl 
4-toluenesulfonate, 545 
2,6-Dialdehydo-4-methy]lpheny] 
4-toluenesulfonate, 545 
Dialkylsulfamyl! chlorides, 578 
Dially] m-phenylene disulfone, 728 
1,4-Diaminoanthraquinone-2,3- 
disulfonic acid, 364 
1,3-Diaminobenzene-4,6-disulfonamide, 
481 
1,3-Diaminobenzene-4,6-disulfonanilide, 
481 
1,3-Diaminobenzene-4, 6-disulfonyl 
chloride, 255, 481 
1,2-Diaminobenzene-4-sulfonic acid, 255 
1,3-Diaminobenzene-4-sulfonic acid, 255 
2,7-Diaminobenzothiophene dioxide, 261 
Diaminobiphenylsulfonic acids, 374 
4,5-Diamino-1,5-dihydroxyanthra- 
quinone-2-sulfonic acid, 310 
4,8-Diamino-1,5-dihydroxyanthra- 
quinone-2-sulfonic acid, 310 
4,4’-Diamino-3,3’-dimethyldiphenyl- 
methanedisulfonic acid, 262 
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2,4-Diamino-5-methylbenzenesulfonic 
acid, 256 
1,5-Diaminonaphthalene-3, 7-disulfonic 
acid, 433 
2,3-Diaminonaphthalene-6,8-disulfonic 
acid, 433 
1,3-Diaminonaphthalene-5-sulfonic acid, 
437 
1,3-Diaminonaphthalene-6-sulfonic acid, 
437 
1,3-Diaminonaphthalene-8-sulfonic acid, 
437 
1,4-Diaminonaphthalene-6-sulfonic acid, 
398 
1,8-Diaminonaphthalene-2-sulfonic acid, 
299 
1,8-Diaminonaphthalenc-4-sulfonic acid, 
299, 432 
1,8-Diaminonaphthalene-2,4,5- 
trisulfonic acid, 362 
2,7-Diaminophenanthrenequinone- 
sulfonic acid, 312 
2,4-Diaminotoluene-5-sulfonic acid, 256 
2,7-Dianilinophenanthrenequinonc- 
sulfonic acid, 312 . 
Diazomesitylenesulfonic acid, 376 
Diazomethanedisulfonic acid, 162, 163 
Diazomethionic acid, 161, 162, 163 
1,2-Diazoxynaphthalene-4, ?-disulfony] 
chloride, 491 |” 
2-(Dibenzenesulfonamido)-phenyl 
benzenesulfonate, 540 
Di-(benzenesulfon)-bis-(trimethyl- 
ethylene)-diamide, 576 
Di-(benzenesulfon)-ethylenediamide, 576 
Dibenzenesulfonhydrazide, 502 
Dibenzenesulfonhydroxyimide, 614 
Dibenzenesulfon-p-phenylenediamide, 
576 
Dibenzenesulfonpiperazide, 576 
Dibenzenesulfonyl peroxide, 500 
Dibenzofuran-2,8-disulfonic acid, 316 
Dibenzofuran-2-sulfonic acid, 316 
(Dibenzothiophene dioxide)-2,7-disul- 
fonyl chloride, 258 
Dibenzothiophene-3,6-disulfonic acid, 
317 
Dibenzothiophene-3-sulfonic acid, 317 
3,5-Dibenzoxybenzenesulfonyl chloride, 
477 
1,2-Dibenzoxy-3-(4-toluenesulfon-N- 
phenylamido)-propane, 583 
Dibenzylamine-4,4’-disulfonic acid, 266 
Dibenzyl-4,4’-disulfonic acid, 430 
Dibenzy] ethylidene disulfide, 736 
Dibenzyl ethylidene disulfone, 736 
Dibenzyl isopropylidene disulfide, 736 
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Dibenzy] isopropylidene disuifone, 736 
Dibenzyl methylene disulfide, 736 
Dibenzyl methylene disulfone, 736, 738 
1,8-Dibenzylnaphthalene--sulfonamide, 
490 
1,8-Dibenzylnaphthalene-4-sulfonyl 
chloride, 490 
B,8'-Dibenzyloxyisopropy] 4-toluene- 
sulfonate, 518 
Dibenzyl pentamethylene disulfide, 748 
Dibenzy] a-propionylethylidene 
disulfide, 737 
Dibenzyl trimethylene disulfide, 748 
9, 10-Dibromoanthracene-2-sulfonic acid, 
302 
2,5-Dibromobenzene-1,4-disulfonamide, 
466 
2,5-Dibromobenzene-1,4-disulfony] 
chloride, 461, 466 : 
Dibromobenzenesulfonamides, 463 
2,4-1ibromobenzenesulfonanilide, 584 
2,5-Dibromobenzenesulfonanilide, 463 
2,3-Dibromobenzenesulfonic acid, 216 
2,4-Dibromobenzenesulfonic acid, 407 
2,5-Dibromobenzenesulfonic acid, 216, 
384, 389, 407 
3,4-Dibromobenzenesulfonic acid, 216, 
399, 407 
3,5-Dibromobenzenesulfonic acid, 215, 
407 
3,6-Dibromobenzenesulfonic acid, 399 
2,4-Dibromobenzenesulfon-N- 
methylanilide, 584 / 
Dibromobenzenesulfony] chlorides, 463 
4,4’-Dibromobipheny]-2,2’-disulfon- 
amide, 485 
4,4’-Dibromobipheny]-3, 3’-disulfon- 
amide, 485 
4,4’-Dibromobipheny]-3,3’-disulfonic 
acid, 259 
4,4’-Dibromobiphenyl-2,2’-disulfonyl 
chloride, 485 
4,4’-Dibromobipheny]-3,3’-disulfonyl 
chloride, 219, 485 
Dibromobiphenylene-2,2’-sulfone, 259 
4,4’-Dibromobiphenyl-3-sulfonamide, 
485 
4,4’-Dibromobiphenyl-3-sulfonic acid, 
259 
3,3’-Dibromobiphenyl-6-sulfonyl 
chloride, 485 
4,4’-Dibromobipheny]-3-sulfony]l 
chloride, 485 
Dibromo-bis-(ethyisulfonyl)-methane, 
753 
3,4-Dibromobutane-1,I-disulfonic acid, 
166 
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Dibromocatecholdisulfonic acid, 354 
a,a-Dibromo-4-chlorophenylsulfonyl- 
acetonitrile, 716 
3,5-Dibromo-2,4-dimethylbenzene- 
sulfonamide, 472 
3,5-Dibromo-2,6-dimethylbenzene- 
sulfonamide. 472 
3,6-Dibromo-2,5-dimethylbenzene- 
sulfonamide, 472 
Dibromodimethylbenzenesulfonic acids, 
219 
Dibromodimethylbenzenesulfony] 
chlorides, 472 
2,5-Dibromo-1,4-di-(methylthiol)- 
benzene, 461 
2,2’-Dibromodiphenylamine- 
4,4’-disulfonic acid, 405 
1,2-Dibromoethanesulfonic acid, 113 
a,a-Dibromo-4-cthoxy phenylsulfonyl- 
acetonitrile, 716 
2,7-Dibromofluorenesulfonic acid, 313 
3,5-Dibromo-4-hydroxybenzenesulfon- 
anilide, 476 
3,5-Dibromo-2-hydroxybenzenesulfonic 
acid, 411 
3,5- Dibromo-4-hydroxybenzenesulfonic 
acid, 460 
3,5-Dibromo-4-hydroxybenzenesulfony] 
chloride, 476, 659 
a,a-Dibromo-4-iodophenylsulfony]- 
acetonitrile, 716 
Dibromomethanesulfonic acid, 108, 161 
a,a-Dibromo-2-methoxy phenylsulfonyl- 
acetonitrile, 716 
Dibromomethylbenzenesulfonamides, 
468 
Dibromomethylbenzenesulfonyl 
chlorides, 468 
3,5-Dibromo-2-methy]-4-nitrobenzene- 
sulfonic acid, 409 
2,4-Dibromo-3-methylpheny] benzene- 
sulfonate, 541 
2,6-Dibromo-3-methylphenyl benzene- 
sulfonate, 541 


Dibromomethyl] pheny] sulfone, 679, 680, 


689, 719 
2,4-Dibromo-3-methylpheny] 4-toluene- 
sulfonate, 544 
2,6-Dibromo-3-methylpheny] 4-toluene- 
sulfonate, 544 
Dibromomethy] 4-tolyl sulfone, 680 
1,4-Dibromonaphthalene-6-sulfonamide, 
488 
Dibromonaphthalenesulfonic acids, 281 
Dibromonaphthalenesulfony] chlorides, 
488 
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a,a-Dibromo-a-naphthylsulfonylaceto- 
nitrile, 716 
Dibromonitrobenzenesulfonamides, 464 
Dibromonitrobenzenesulfonic acids, 407 
Dibromonitrobenzenesulfony] chlorides, 
464 
2,4-Dibromo-5-nitropheny] 4-methyl- 
3-nitrobenzenesulfonate, 549 
2,6-Dibromo-4-nitropheny] 4-toluene- 
sulfonate, 542 
4,6-Dibromo-2-nitropheny] 4-toluene- 
sulfonate, 542 
3,4’-Dibromo-5-nitro-4-(4-toluene- 
sulfonamido)-biphenyl, 594 
4,5-Dibromopentane-2,2’-disulfonic 
acid, 166 
2, .6-Dibromophenol-4-sulfonie acid, 375 
4,4’-Dibromophenoxybenzene- 
2,2’-disulfony] chloride, 485 
3,4-Dibromopheny] methyl sulfide, 663 
3,4-Dibromopheny] methyl sulfone, 663 
2,6-Dibromo-4-phenylphenyl benzene- 
sulfonate, 541 
2,6-Dibromo-4-phenylpheny] alae 
sulfonate, 545 
a,a-Dibromo-y-phenylsulf bry leectons 
722 
a,a-Dibromophenylsulfonylacetonitrile, 
716 
w,w-Dibromo-w-phenylsulfonylaceto- 
phenone, 722 
2,4-Dibromopheny] 4-toluenesulfonate, 
542 
2,5-Dibromopheny] 4-toluenesulfonate, 
542 
8,y-Dibromopropy] pheny] sulfone, 690, 
728 
2,4-Dibromothiophene-3, 5-disulfonic 
acid, 318 
3,4-Dibromothiophene-2, 5-disulfonic 
acid, 318 
2,5-Dibromothiophene-3,4-disulfonic 
anhydride, 318 
2,3-Dibromothiophene-5-sulfonyl 
chloride, 318 
2,4-Dibromothiophene-5-sulfonyl 
chloride, 318 
3,4-Dibromothiophene-2-sulfonyl 
chloride, 318 
3,4’-Dibromo-4-(4-toluenesulfonamido)- 
biphenyl, 5938, 594 
3,5-Dibromo-4-(4-toluenesulfonamido)- 
biphenyl, 593 
Dibromotoluenesulfonic acids, 218 
Dibromotolyl hydrogen sulfate, 239 
a,a-Dibromo-4-tolylsulfonylacetonitrile, 
716 
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3,5-Dibromo-4-(2,4,6-tribromopheny]- 
amino)-phenyl 4-toluenesulfonate, 
543 
4,5-Dibromo-2,3,6-trimethylbenzenc- 
sulfonamide, 474 
4,5-Dibromo-2,3,6-trimethylbenzenc- 
sulfonic acid, 220 
4,5-Dibromo-2,3,6-trimethylbenzene- 
sulfonyl chloride, 474 
a,a-Dibromo-2,4,5-trimethylphenyl- 
sulfonylacetonitrile, 716 
Di-tert-butylbenzenesulfonic acid, 208 
Di-n-butyl methylene disulfide, 736 
Di-n-butyl methylene disulfone, 736 
Dibuty] sulfates, 68 
B-(Dicarbethoxymethyl)-8-phenylethy] 
4-tolyl sulfone, 727 
2,4-Dicarbomethoxy-3-hydroxybenzene- 
sulfonic acid, 241 
3,4-Dicarboxybenzenesulfonanilide, 483 
3,4-Dicarboxybenzenesulfony] chloride, 
483 
Dichloramine T, 603, 604, 605; see also 
4-Toluenesulfondichloroamide 
1-(Dichloroacety!)-2,3,4-trihydroxy- 
benzenedisulfonie acid, 225 
2,5-Dichloroaniline-4-sulfonic acid, 254 
3,4-Dichloroaniline-6-sulfonic acid, 254 
9,10-Dichloroanthracene-2,6-disulfonic 
acid, 302 
9,10-Dichloroanthracene-2,7-disulfonic 
acid, 302 
9,10-Dichloroanthracene-2-sulfonamide, 
494 
9,10-Dichloroanthracene-2-sulfonanilide, 
494 
9,10-Dichloroanthracene-2-sulfonic acid, 
302 
9,10-Dichloroanthracene-2-sulfonyl 
chloride, 494 
Dichloroanthraquinonedisulfonic acids, 
307 
Dichloroanthraquinonesulfonic acids, 
307 
2,6-Dichlorobenzaldehyde-3-sulfonic 
acid, 224 
Dichlorobenzanthraquinonesulfonic acid, 
314 
4,6-Dichlorobenzene-] ,3-disulfonamide, 
466 
2,5-Dichlorobenzene-1 ,3-disulfonanilide, 
466 
Dichlorobenzenedisulfonyl chlorides, 
216, 466 
4,6-Dichlorobenzene-1,3-disulfony! 
fluoride, 454 
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2,5-Dichlorobenzenesulfinic acid, 669, 
673 
Dichlorobenzenesulfonamides, 463 
2,5-Dichlorobenzenesulfonanilide, 463 
2,3-Dichlorobenzenesulfonic acid, 216 
2,4-Dichlorobenzenesulfonic acid, 216, 
388, 407 
2,5-Dichlorobenzcnesulfonic acid, 216, 
425, 678 
3,4-Dichlorobenzenesulfonic acid, 215, 
407, 424, 425 
Dichlorobenzenesulfony] chlorides, 463 
3,4-Dichlorobenzy] 2-nitrophenyl 
sulfone, 679 
4,4’-Dichlorobipheny]-2,2’-disulfon- 
amide, 485 
4,4’-Dichlorobipheny]-3,3’-disulfon- 
amide, 485 
4,4’-Dichlorobipheny]-2,2’-disulfony] 
chloride, 485 
4,4’-Dichlorobipheny]-3,3’-disulfonyl 
chloride, 485 
4,4'-Dichlorobipheny]-3-sulfonamide, 
485 
Dichlorobiphenylsulfonic acid, 374 
4,4’-Dichlorobipheny]-3-sulfonyl 
chloride, 485 
3,3’-Dichloro-4,4’-bis-(6-naphthalene- 
sulfonamido)-biphenyl, 592 
3,3’-Dichloro-4,4’-bis-(4-toluenesulfon- 
amido)-biphenyl, 592 
a,a-Dichloro-4-bromophenylsulfonyl- 
acetonitrile, 716 
3,4-Di-(chlorocarbony])-benzenesulfony] 
chloride, 483 
3,5-Dichloro-4-(2,4-dichlorophenyl- 
amino)-phenyl 4-toluenesulfonate, 
543 
Dichlorodimethylbenzenesulfonamides, 
472 
Dichlorodimethylbenzenesulfonic acids, 
217, 219, 372 
Dichlorodimethylbenzenesulfony] 
chlorides, 472 
Dichloroethanesulfonic acid, 102 
1,2-Dichloroethanesulfony! chloride, 166 
a,a-Dichloro-4-ethoxyphenylsulfonyl- 
acetonitrile, 716 
3,5-Dichloro-4-hydroxybenzenesulfonic 
acid, 411 
a,a-Dichloro-4-iodophenylsulfonyl- 
acetonitrile, 716 
2-(Dichloroiodo)-pheny] 4-toluene- 
sulfonate, 542 
4-(Dichloroiodo)-pheny! 4-toluene- 
sulfonate, 542 
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8,6’-Dichloroisopropyl benzenesulfonate, 
516, 525, 527 
6,8’-Dichloroisopropyl 4-toluene- 
sulfonate, 517 
Dichloromethanesulfony] chloride, 106 
a,a-Dichloro-2-methoxyphenylsulfonyl- 
acetonitrile, 716 
2,3-Dichloro-4-methylaniline-5-sulfonic 
acid, 254 
Dichloromethylbenzenesulfonamides, 
468 
2,4-Dichloro-3-methylbenzenesulfon- 
anilide, 468 
Dichloromethylbenzenesulfonic acids, 
218; see also Dichlorotoluene- 
sulfonic acids 
(Dichloromethy])-benzenesulfonic acids, 
222 


Dichloromethylbenzenesulfonyl 
chlorides, 468, 512 
2-(Dichloromethy])-phenyl benzene- 
sulfonate, 540 
2,4-Dichloro-3-methylphenyl benzene- 
sulfonate, 540 
2,6-Dichloro-3-methylphenyl benzene- 
sulfonate, 540 
4,6-Dichloro-3-methylpheny] benzene- 
sulfonate, 540 
Dichloromethy! pheny] sulfone, 679, 680, 
689, 716 
2,4-Dichloro-3-methylpheny] 4-toluene- 
sulfonate, 544 
2,6-Dichloro-3-methylpheny] 4-toluene- 
sulfonate, 544 
4,6-Dichloro-3-methylpheny] 4-toluene- 
sulfonate, 544 
Dichloromethy] 4-tolyl sulfone, 680 
Dichloronaphthalenedisulfonic acids, 374 
Dichloronaphthalenesulfonamides, 487 
Dichloronaphthalenesulfonic acids, 280, 
390, 395 
Dichloronaphthalenesulfony! chlorides, 
487, 497 
1,3-Dichloro-2-naphthol-6-sulfonic acid, 
290 


1,4-Dichloro-2-naphthol-6-sulfonic acid, 
290 


a,a-Dichloro-1-naphthylsulfonylaceto- 
nitrile, 716 

2,3-Dichloro-5-nitrobenzenesulfonic acid, 
224 

2,4-Dichloro-5-nitrobenzenesulfonic acid, 
407 

3,4-Dichloro-6-nitrobenzenesulfonic acid, 
407 

2,5-Dichloro-3-nitrobenzenesulfonyl 
chloride, 464 
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3,4-Dichloro-a-(2-nitrophenyl- 
sulfonyl)-phenylacetic acid, 679 
4,5-Dichloro-2-nitropheny] 4-tolyl 
sulfone, 672 
Dichloronitropheny] trifluoromethyl 
sulfones, and sulfoxides, 663 
2,4-Dichlorophenol-6-sulfonic acid, 240 
2,5-Dichloropheny1 4-chloro-2-nitro- 
benzenesulfonate, 548 
2,5-Dichloropheny] 2,4-dinitrophenyl 
sulfone, 671 
2,5-Dichlorophenyl methyl sulfone, 669 
3,4-Dichlorophenyl methyl sulfone, 703 
a,a-Dichlorophenylsulfonylacetonitrile, 
716 
w,w-Dichloro-w-phenylsulfony]- 
acetophenone, 722 
3,5-Dichlorophenylsulfonylmethy]- 
sulfonylphenylsulfonylmethane, 753 
3,5-Dichlorophenylthiolmethylsulfonyl- 
phenylsulfonylmethane, 753 
2,4-Dichloropheny] trifluoromethyl 
sulfide, 662 
2,5-Dichloropheny] trifluoromethyl 
sulfide, 662 
2,4-Dichloropheny] trifluoromethyl 
sulfone, 662 
2,5-Dichloropheny] trifluoromethyl 
sulfone, 662 
8,y-Dichloropropy] chlorosulfonate, 37 
8,7-Dichloropropy] phenyl sulfone, 729 
3,5-Dichloropyridine-2-sulfonic acid, 
364, 366 
3,5-Dichloropyridine-4-sulfonic acid, 364 
3,5-Dichlorosulfanilamide, 600 
2,6-Dichloro-3-sulfobenzaldehyde, 224 
3,4-Dichloro-5-sulfofuroic acid, 319 
4,5-Dichloro-3-sulfofuroic acid, 319 
3,5-Di-(chlorosulfonyl)-benzoic acid, 482 
3,5-Di-(chlorosulfonyl)-benzoy] chloride, 
482 


2,2’-Di-(chlorosulfonyl)-4,4’-dimethyl- 
sulfonylide, 236 
4,4’-Di-(chlorosulfonyl)-3,3’-dimethyl- 
sulfonylide, 235 
3,5-Di-(chlorosulfonyl)-2-hydroxy- 
benzoic acid, 478 
3,5-Dichloro-2-thiolpyridine, 366 
3,5-Dichloro-4-thiolpyridine, 366 
2,3-Dichlorothiophene-5-sulfonyl 
chloride, 318 
2,4-Dichlorotoluene-w-sulfonamide, 115 
2,5-Dichlorotoluene-w-sulfonamide, 115 
3,4-Dichlorotoluene-w-sulfonamide, 115 
Dichlorotoluenesulfonamides, 468 
Dichlorotoluenesulfonic acids, 218 
Dichlorotoluenesulfony] chlorides, 468 
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a,a-Dichloro-4-tolylsulfonylacetonitrile, 
716 
3,5-Dichloro-4-(2,4,6-trichlorophenyl- 
amino)-pheny] p-toluenesulfonate, 
543 
w,w- Dichloro-2,3,4-trihydroxyaceto- 
phenonedisulfonic acid, 225 
a,a-Dichloro-2,4,5-trimethylpheny]- 
sulfonylacetonitrile, 716 
Diethoxybenzenesulfonamides, 477 
Diethoxybenzenesulfonyl chlurides, 477 
4,4’-Diethoxvbipheny]-3,3’-disulfonic 
acid, 260 
4,4’-Diethoxybipheny]-3-sulfonic acid, 
260 
4,4'-Diethoxybipheny!-3-sulfonyl 
chloride, 260 
3-(Dicthylamino)-4-methylbenzene- 
* sulfonic acid, 252 
§-(Diethylamino)-5-methylbenzene- 
sulfonic acid, 252 
2-(Diethylamino)-toluene-4-sulfonic 
acid, 252 
4-(Diethylamino)-toluene-2-sulfonic 
acid, 252 
Diethy]benzenesulfonamides, 473 
Diethylbenzenesulfonic acids, 208 
Diethylbenzenesulfony] chlorides, 473 
Diethyl] 2-butylidene disulfide, 736 
Diethyl] 2-butylidene disulfone, 736 
a-(Diethylcarbamy])-ethy] 4-toluenc- 
sulfonate, 518 
Diethyl chloroisopropylidene disulfide, 
736 
Diethyl] chloroisopropylidene disulfone, 
736 
Diethyleyanoacetanilide-4-sulfonic acid, 
249 
Diethyl cyclohexylidene disulfide, 737 
Diethyl cyclohexylidene disulfone, 737 
Diethyl 2,4-dimethyl-3-pentylidene 
disulfide, 737 
Diethy] 2,4-dimethyl-3-pentylidene 
disulfone, 737 
Diethylene disulfone, 744 
Diethyl ethylidene disulfide, 736 
Diethy] ethylidene disulfone, 736 
Diethyl-2-(ethylsulfamyl)-pheny]- 
methanol, 579 
Diethy] 4-heptylidene disulfide, 737 
Diethyl 4-heptylidene disulfone, 737 
Diethy] 2-hexylidene disulfide, 737 
Diethyl 2-hexylidene disulfone, 737 
2-(Diethylhydroxymethyl)-benzene- 
sulfonethylamide, 579 
Diethyl isopropylidene disulfide, 736 
Diethyl] isopropylidene disulfone, 736 


Diethyl methylene disulfide, 736 
Diethyl methylene disulfone, 736, 738 
Diethyl 2-methy]-3-hexylidene disulfide, 
737 
Diethyl] 2-methyl-3-hexylidene disulfone, 
737 
4-(Diethylmethylmethy])-phenyl 
benzenesulfonate, 541 
4-(Diethylmethylmethy])-pheny] 
4-toluenesulfonate, 544 
N,N-Diethyl-1-naphthylamine- 
6-sulfonic acid, 298 
Diethyloxonium sulfate, 5 
Diethyl 2-pentylidene disulfide, 736 
Diethyl 3-pentylidene disulfide, 736 
Diethyl 2-pentylidene disulfone, 736 
Diethy] 3-pentylidene disulfone, 736 
Diethyl phenylisopropylidene disulfide, 
737 
Diethyl phenylisopropylidene disulfone, 
737 
Diethyl propylidenc disulfide, 736 
Diethyl] propylidene disulfone, 736 
Diethyl sulfate, see Ethyl] sulfate 
Diethyl] trimethylene disulfide, 748 
Diethyl trimethylene disulfone, 748 
9,10-Dihydroacridine-9-sulfonic acid, 364 
9,10-Dihydroanthracene-2-sulfonic acid, 
434 
3,4-Dihydrobenzopyrenesulfonic acid, 
317 
4,5-Dihydrodithiole tetroxide, 744 
9,10-Dihydrophenanthrenedisulfunic 
acid, 259 
9,10-Dihydrophenanthrenesulfonic acid, 
313 
9,10-Dihydrophenanthrene-2-sulfonyl 
chloride, 495 
Dihydrothiotoluidinesulfonic acid, 245 
Dihydroxyanthraquinonedisulfonic 
acids, 308, 309 
Dihydroxyanthraquinonesulfonic acids, 
309 
1,5-Dihydroxyanthraquinone-2,4,6, 
8-tetrasulfonic acid, 309 
1,8-Dihydroxyanthraquinone-2,4,5, 
7-tetrasulfonic acid, 309 
Dihydroxybenzanthraquinonesulfonic 
acid, 314 
1,3-Dihydroxybenzene-4,6-disulfon- 
anilide, 478 
1,4-Dihydroxybenzene-2,6-disulfon- 
anilide, 478 
Dihydroxybenzenedisulfony] chlorides, 
478 
1,3-Dihydroxybenzene-2,4,6-trisulfon- 
anilide, 478 
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1,3-Dihydroxybenzene-2,4,6-trisulfonyl 
chloride, 478 

2,2’-Dihydroxy-1,1’-binaphthyl- 
6-sulfonic acid, 313 

2,2’-Dihydroxybipheny]-5,5’-disulfonic 
acid, 260 

3,3’-Dihydroxybiphenyl-4,4’-disulfonic 
acid, 430 

4,4’-Dihydroxybiphenyldisulfonie acid, 
260 


4,4’-Dihydroxybipheny]-2,2’-disulfonic 
acid, 430 
2,2’-Dihydroxybiphenyl-3,3’,5,5’-tetra- 
sulfonic acid, 260 
4,4’-Dihydroxybiphenyltetrasulfonic 
acid, 260 
4,4’-Dihydroxybiphenyltrisulfonic acid, 
260 
2,3-Dihydroxyeyelohexy! 4-toluene- 
sulfonate, 519 
2,4-Dihydroxyfuranesulfonic acid, 316 
2,4-Dihydroxy-5-methylbenzenesulfonic 
acid, 403 
2,6-]Di-(hydroxymethyl)-4-methoxy- 
pheny! 4-toluenesulfonate, 545 
2,6-Di-(hydroxymethy])-4-methyl- 
phenyl 4-toluenesulfonate, 545 
6,11-Dihydroxynaphthacenequinone- 
sulfonic acid, 314 
1,8-Dihydroxynaphthalene-3, 
6-disulfonic acid, 433 
2,7-Dihydroxynaphthalene-3, 
6-disulfonic acid, 291 
Dihydroxynaphthalenesulfonic acids, 
291, 431, 432 
1,2-Dihydroxy-4-naphthy] 2-naphthy] 
sulfone, 696 
1,4-Dihydroxy-2-naphthy] 1-naphthyl 
sulfone, 700 
2,4-Dihydroxypheny] 2-nitropheny! 
sulfone, 699 
2,5-Dihydroxypheny! 2-nitropheny! 
sulfone, 699 
2,5-Dihydroxypheny] 4-toly] sulfone, 696 
1,3-Dihydroxypropane-2-sulfonie acid, 
135 
2,3-Dihydroxypropane-1-sulfonie acid, 
135 
B,y-Dihydroxypropy] pheny! sulfone, 690 
B,y-Dihydroxypropy] 4-toluene- 
sulfonate, 518 
2,4-Dihydroxy-5-sulfobenzoic acid, 243 
2,4-Dihydroxy-6-sulfobenzoic acid, 403 
2,5-Dihydroxy-3-sulfobenzoic acid, 244 
2,6-Dihydroxy-4-(2,4,6-trihydroxy- 
benzenesulfonoxy )-benzenesulfonic 
acid, 548 
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3,5-Dihydroxy-4-(3,4,5-trihydroxy- 
benzenesulfonoxy)-benzenesulfonic 
acid, 548 
Diiodobenzenesulfonamides, 463 
Diiodobenzenesulfony! chlorides, 463 
4,4’-Diiodobipheny]-3,3’-disulfonamide, 
485 
4,4’-Diiodobipheny]-2,2’-disulfonyl 
chloride, 485 
4,4’-Diiodobiphenyl-3,3’-disulfonyl 
chloride, 485 
4,4’-Diiodobiphenyl-3-sulfonamide, 485 
4,4’-Diiodobipheny]-3-sulfonyl chloride, 
485 
3,5-Diiodo-2,4-dimet hylbenzene- 
sulfonamide, 472 
3,5-Diiodo-2,4-dimethylbenzenesulfonic 
acid, 217, 219 
3,5-Diiodo-2,4-dimethylbenzenesulfony] | 
chloride, 472 
3,5-Diiodo-4-hydroxybenzene- 
sulfonic acid, 406, 411 
Diiodomethanedisulfonie acid, 157, 163 
Diiodomethanesulfoniec acid, 108 : . 
Diiodomethionic acid, 157, 163 
Diiodomethy] pheny! sulfone, 680 
3,5-Diiodosulfanilamide, 600 : 
Diisoamy] benzylidene disulfide, 736 
Diisoamy! benzylidene disulfone, 736 
Diisoamy! ethylidene disulfide, 736 
Diisoamy! isopropylidene disulfide, 736 
Diisoamyl] isopropylidene disulfone, 736 
Diisoamy! methylene disulfide, 736 
Diisoamy! methylene disulfone, 736 
Diisobutylenesulfonic acid, 174 
Diisobutyl isopropylidene disulfide, 736 
Diisobutyl isopropylidene disulfone, 736 
Diisobuty] methylene disulfide, 736 
Diisobuty] methylene disulfone, 736 
Diisopropylbenzenesulfonic acid, 208 
3,5-Diisopropy] 1-methylbenzenesulfonic 
acid, 212 
Diisopropylnaphthalene-1-sulfonamide, 
590 
1,6-Diisopropylnaphthalenc-3 (or 7)- 
sulfonamide, 490 
Diisopropylnaphthalene-1-sulfony] 
chloride, 490 
1,6-Diisopropylnaphthalene-3(or 7)- 
sulfony! chloride, 490 
4,6-Dimethoxybenzene-1 ,3-disulfony] 
fluoride, 454 
Dimethoxybenzenesulfonamides, 477 
3,4-Dimethoxybenzenesulfonanilide, 477 
2,4-Dimethoxybenzenesulfonic acid, 243, 
382 
2,5-Dimethoxybenzenesulfonic acid, 244 
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Dimethoxybenzenesulfony] chlorides, 477 
2,4-Dimethoxy-3-hydroxybenzene- 
sulfonic acid, 403 
4,5-Dimethoxy-2-methylbenzene- 
sulfonamide, 477 
4,5-Dimethoxy-2-methylbenzenesulfonyl 
chloride, 243, 477 
4,5-Dimethoxy-2-methyl-6-nitrobenzene- 
sulfonyl chloride, 477 
4,5-Dimethoxy-2-nitrobenzene- 
sulfonamide, 477 
4,5-Dimethoxy-2-nitrobenzenesulfony] 
chloride, 477 
4,5-Dimethoxy-2-nitrosobenzene- 
sulfonamide, 477 
4,5-Dimethoxy-2-nitrosobenzene- 
sulfonyl chloride, 477 
5,6-Dimethoxysaccharin, 634, 635 
3,4-Dimethoxytoluene-6-sulfony] 
chloride, 243 
2,4-Dimethylacetanilide-5-sulfonic acid, 
253 


2,5-Dimethylacetanilide-4-sulfonic acid, 
253 


3-(Dimethylamino)-benzenesulfony] 
chloride, 480 
4-(Dimethylamino)-benzophenone- 
3-sulfonic acid, 262 
2-(4-Dimethylaminobenzylideneamino)- 
phenyl 4-toluenesulfonate, 543 
4-(Dimethylamino)-benzylidene- 
4-bromophenylsulfonylacetonitrile, 
715 
4-(Dimethylamino)-benzylidene- 
4-chlorophenylsulfonylacetonitrile, 
715 
4-(Dimethylamino)-benzylidene-4-iodo- 
phenylsulfonylacetonitrile, 715 
4-(Dimethylamino)-benzylidene- 
8-naphthylsulfonylacetonitrile, 715 
4-(Dimethylamino)-benzylidenephenyl- 
sulfonylacetonitrile, 715 
4-(Dimethylamino)-benzylidene 4-tolyl- 
sulfonylacetonitrile, 715 
4-(Dimethylamino)-benzylidene- 
2,4,5-trimethylphenylsulfonyl- 
acetonitrile, 715 
8-Dimethylaminoethyl 4-toluene- 
sulfonate, 502 
4-Dimethylamino-3-methylbenzene- 
sulfonic acid, 252 
2-(Dimethylamino)-naphthalene- 
5-sulfonyl chloride, 489 
4-(Dimethylamino)-pheny] phenyl 
sulfone, 675 
4-(Dimethylamino)-pheny] 4-toluene- 
sulfonate, 543 
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4-(Dimethylamino)-pheny] 4-toly] 
sulfone, 502, 675 
2-Dimethylaminotoluene-4-sulfonic acid, 
252 
2-Dimethylaminotoluene-5-sulfonic 
acid, 252 
Dimethylaniline hydrogen sulfate, 247 
N,N-Dimethylaniline-4-sulfonic acid, 
412 
Dimethylanilinesulfonic acids, 246, 253 
Dimethylaniline sulfur trioxide, 32 
Dimethylbenzenedisulfonamides, 473 
Dimethylbenzenedisulfonanilides, 473 
Dimethylbenzenedisulfonic acids, 207, 
208, 366 
Dimethylbenzenedisulfony] chlorides, 
429, 458, 473 
4,6-Dimethylbenzene-1,3-disulfony] 
fluoride, 454 
2,3-Dimethylbenzenesulfinic acid, 366 
2,4-Dimethylbenzenesulfinic acid, 670 
3,4-Dimethylbenzenesulfinic acid, 367 
3,5-Dimethylbenzenesulfinic acid, 366 
Dimethylbenzenesulfonamides, 471, 472 
3,5-Dimethylbenzenesulfonanilide, 472 
2,3-Dimethylbenzenesulfonic acid, 366 
2,4-Dimethylbenzenesulfonic acid, 
hydrolysis of, 388 
nitration of, 408, 409 
reaction with alkali, 422 
reaction with toluene, 677 
2,5-Dimethylbenzenesulfonic acid, 399, 
408 


3,4-Dimethylbenzenesulfonic acid, 
bromination of, 399 
hydrolysis of, 388 
nitration of, 408 
preparation of, 367 
3,5-Dimethylbenzenesulfonic acid, 366 
Dimethylbenzenesulfonic acids, 207, 208 
Dimethylbenzenesulfonyl chlorides, 471, 
472 
2,4-Dimethylbenzenesulfony] fluoride, 
454, 457, 458 
2,5-Dimethylbenzenesulfony] fluoride, 
454 
2,4-Dimethylbenzophenone-5-sulfonic 
acid, 262 
5,5’-Dimethylbipheny]- 
2,2’-disulfonamide, 485 
4,4’-Dimethylbipheny]-2,2’-disulfony] 
chloride, 485 
5,5’-Dimethylbipheny]-2,2’-disulfonyl 
chloride, 485 
3,4’-Dimethylbiphenylsulfonic acid, 259 
2,3-Dimethy]-1,3-butadiene sulfone, 730 
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2,3-Dimethy]-2-butene-1 ,4-disulfonic 
acid, 175 
1,3-Dimethyl-5-tert-butylbenzenesulfonic 
acid, 212 
Dimethyl 2-butylidene disulfide, 736 
Dimethyl 2-butylidene disulfone, 736 
a-(Dimethylearbamy])-ethyl 4-toluene- 
sulfonate, 518 
Dimethy] 3-chloro-2-butylidene 
disulfide, 736 
Dimethyl] 3-chloro-2-butylidene 
disulfone, 736 
3,5-Dimethyl-2-chlorosulfonylbenzoy] 
chloride, 634 
2,3-Dimethylchromone-6-sulfonic acid, 
317 
4,6-Dimethylcoumarin-8-sulfonic acid, 
317 
4,7-Dimethylcoumarin-6-sulfonie acid, 
317 
2,2-Dimethy]-4,5-dihydrodithiole 
tetroxide, 744 
2,4-Dimethyl-3, 5-dinitrobenzene- 
sulfonamide, 472 
2,4-Dimethyl-5,6-dinitrobenzene- 
sulfonamide, 472 
2,4-Dimethy]-3, 5-dinitrobenzene- 
’ gulfonanilide, 472 
2,4-Dimethyl-3,5-dinitrobenzene- 
sulfonic acid, 408 
2,4-Dimethyl-5,6-dinitrobenzene- 
sulfonic acid, 408 
2,4-Dimethy]-3,5-dinitrobenzene- 
sulfonyl chloride, 472 
2,4-Dimethy]-5,6-dinitrobenzene- 
sulfonyl chloride, 472 
2,4-Dimethy]-5,6-dinitrophenyl 
4-methyl-3-nitrobenzenesulfonate, 
549 
3,5-Dimethy]-2,4-dinitrophenyl 
4-methyl-3-nitrobenzenesulfonate, 
549 
2,4-Dimethy]-3,5-dinitrophenyl 
4-toluenesulfonate, 545 
3,6-Dimethyl-2,4-dinitrophenyl 
4-toluenesulfonate, 545 
Dimethylethylbenzenesulfonamides, 475 
2,6-Dimethy]-4-ethylbenzenesulfonic 
acid, 212, 400, 423 
3,6-Dimethyl-2-ethylbenzenesulfonic 
acid, 423 
Dimethylethylbenzenesulfonic acids, 
211, 212 
Dimethylethylbenzenesulfonyl chlorides, 
475 
Dimethy] ethylidene disulfide, 736 
Dimethyl ethylidene disulfone, 736 
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Dimethylethylmethanesulfonic acid, 97 
1,1-Dimethy]-6-ethyltetralin- 
sulfonamide, 484 
1,1-Dimethyl-6-ethyltetralin- 
sulfonyl chloride, 484 
2,3-Dimethylhydroquinonesulfonic acid, 
354 
2,5-Dimethylhydroquinonesulfonic acid, 
354 
Dimethyl 2-hydroxy-4-sulfoisophthalate, 
241 
2,4-Dimethyl-5-iodobenzenesulfonamide, 
472 
2,4-Dimethyl 5-iodobenzenesulfon- 
anilide, 472 
2,4-Dimethyl-5-iodobenzenesulfonic 
acid, 219, 221 
2,4-Dimethyl-5-iodobenzenesulfony] 
chloride, 472 
1,2-Dimethy]-4-isopropylbenzenesulfonic 
acid, 212 
1,5-Dimethy]-2-isopropylbenzenesulfonic 
acid, 212 
Dimethyl] isopropylidene disulfide, 736 
Dimethy] isopropylidene disulfone, 736 
4-(Dimethylisopropylmethy])-phenyl 
benzenesulfonate, 541 
4-(Dimethylisopropylmethy])-phenyl 
4-toluenesulfonate, 544 
3,5-Dimethylisoxazolesulfonic acid, 323 
Dimethylmethanedisulfonic acid, 166 
Dimethyl methylene disulfide, 736 
Dimethyl methylene disulfone, 736 
Dimethylnaphthalenesulfonamides, 490 
Dimethylnaphthalenesulfonic acids, 275, 
431 
Dimethylnaphthalenesulfonyl chlorides, 
490 
N,N-Dimethylnaphthylamine-5-sulfonic 
acid, 298 
N,N-Dimethy]-2-naphthylamine-5- 
sulfonic acid, 298 
Dimethylnitrobenzenesulfonamides, 471, 
472 
Dimethylnitrobenzenesulfonanilides, 
472 
2,4-Dimethyl-3-nitrobenzenesulfonic 
acid, 408 
Dimethylnitrobenzenesulfonic acids, 
224, 408 
Dimethylnitrobenzenesulfonyl chlorides, 
224, 471, 472 
2,4-Dimethyl-3’-nitrobenzophenone- 
sulfonic acid, 262 
2,4-Dimethy]-6-nitropheny] 4-toluene- 
sulfonate, 545 
3,5-Dimethyl-p-oxathiane dioxide, 759 
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Dimethyl] 3-pentylidene disulfide, 736 

Dimethyl 3-pentylidene disulfone, 736 

Dimethylphenoldisulfonanilides, 478 

Dimethylphenoldisulfony! chlorides, 
236, 478 

Dimethylphenolsulfonic acids, 237, 391, 
402 

2,4-Dimethylphenol-6-sulfonyl chloride, 
477 

2,4-Dimethylphenol-6-sulfonyl fluoride, 
454, 455 

3,5-Dimethylphenol-4-sulfonyl fluoride, 
454 

2,5-Dimethylpheny] benzenesulfonate, 
541 


3,4-Dimethylpheny] benzenesulfonate, 
541 
2,4~Dimethylpheny] ethyl sulfone, 670 
2,5-Dimethylphenyl 6-hydroxyethy] 
sulfone, 693 
2,5-Dimethylpheny] 4-iodopheny] 
sulfone, 675 
2,4-Dimethylpheny] methyl sulfone, 670 
2,4-Dimethylphenyl phenyl] sulfone, 675 
2,4-Dimethylphenyl n-propyl sulfone, 
670 
2,4-Dimethylphenylsulfonylacetamide, 
718 
4,4’-Dimethylphenylsulfonylbenzene- 
3,3’-disulfonamide, 485 
4,4’-Dimethylphenylsulfonylbenzene- 
3,3’-disulfony] chloride, 485 
3,5-Dimethylphenyl 4-toluenesulfonate, 
545 
2,4-Dimethylpheny] 4-tolyl sulfone, 677 
2,4-Dimethylphenyl 2,4,5-trimethyl- 
phenyl sulfone, 677 
2,4-Dimethyl-5-propoxybenzenesulfonic 
acid, 376 : 
1,2-Dimethy]-4-n-propylbenzenesulfonic 
acid, 211 
1,4-Dimethyl-2-n-propylbenzencsulfonic 
acid, 212 
1,5-Dimethy]-2-n-propylbenzenesulfonic 
acid, 212 
Dimethy] propylidene disulfide, 736 
Dimethyl propylidene disulfone, 736 
4-(Dimethyl-n-propylmethy])-phenyl 
benzenesulfonate, 541 
4-(Dimethyl-n-propylmethyl)-pheny! 
4-toluenesulfonate, 544 
Dimethylpseudothichydantoin, 152 
5,7-Dimethylsaccharin, 634 
N,N-Dimethylsulfanilyl chloride, 480 
Dimethyl sulfate, 49; see also Methyl 
sulfate 
2,4-Dimethy]-5-sulfobenzoic acid, 427 
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3,5-Dimethyl-4-sulfobenzoic acid, 228, 
427 
N,N-Dimethy]-5-sulfo-2-naphthylamine- 
disulfony] chloride, 298 
4,4’-Dimethylsulfonylide, 539 
2,2’-Dimethylsulfonylide-3,3’-disulfonic 
acid, 234 
4,4’-Dimethylsulfonylide-2,2’-disulfonic 
acid, 235 
2,2’-Dimethylsulfonylide-4,4’-disulfonyl 
fluoride, 455 
2,6-Dimethyltetrahydro-4-pyranyl 
4-toluenesulfonate, 519 
2,3-Dimethyltctralin-6-sulfonamide, 484 
6,7-Dimethyltetralin-5-sulfonamide, 484 
1,1-Dimethyltetralinsulfonic acid, 209 
2,3-Dimethyltetralin-6-sulfonyl chloride, 
484 
6,7-Dimethyltetralin-5-sulfony] chloride, 
484 
3,4-Dimethylthia-3-cyclopentene 1,1- 
dioxide, 730 
2,6-Dimethy]-5-thiolacetoxybenzo- 
thiazole, 498 
2,4-Dimethylthiophene-3,5-disulfonic 
acid, 318 
2,5-Dimethylthiophene-3,4-disulfonic 
anhydride, 318 
2,4-Dimethylthiophenol-5-sulfonic acid, 
366 
Dimethy] trimethylene disulfide, 748 
Dinaphthofurantetrasulfonic acid, 316 
3,5-Dinitrobenzene-1,4-disulfonamide, 
466 
Dinitrobenzenesulfonamide, 580 
2,4-Dinitrobenzenesulfonamide, 464 
3,5-Dinitrobenzenesulfonamide, 464 
2,4-Dinitrobenzenesulfonanilide, 584 
2,4-Dinitrobenzenesulfonhydrazide, 503 
2,4-Dinitrobenzenesulfonic acid, 363 
ionization of, 382 
preparation of, 365 
reaction with alkali, 420 
reaction with ammonia, 437 
reaction with potassium hydrosulfide, 
440 
3,5-Dinitrobenzenesulfonic acid, 
223, 366, 407 
2,4-Dinitrobenzenesulfon-N-methyl- 
anilide, 584 
2,4-Dinitrobenzenesulfony] chloride, 
461, 464, 503 
3,5-Dinitrobenzenesulfony] chloride, 
464, 466 
2,4-Dinitrobenzy]l 4-toly] sulfone, 
670, 688 
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2,2’-Dinitrobiphenyl-4,4’-disulfonyl 
chloride, 485 
4,4’-Dinitrobiphenyl-2,2’-disulfonyl 
chloride, 485 
Dinitrobiphenyldisulfonyl ehlorides, 409 
3,6-Dinitrocarbazoledisulfonic acid, 320 
3,6-Dinitrocarbazolesulfonic acid, 320 
2,4-Dinitro-a-chlorostilbene-4’- 
sulfonic acid, 263 
3,5-Dinitro-4-hydroxybenzene- 
- sulfonanilide, 476 
3,5-Dinitro4-hydroxybenzene- 
sulfonic acid, 411 
3,5-Dinitro-4-hydroxybenzenesulfony! 
chloride, 476 
2,4-Dinitro-3-hydroxypheny! 
4-toluenesulfonate, 544 
2,4-Dinitro-5-hydroxypheny! 
4-toluenesulfonate, 544 
2,6-Dinitro-4-iodopheny] benzene- 
sulfonate, 543 
2,4-Dinitro-3-isopropyl-6-methylphenyl 
4-toluenesulfonate, 545 
4,6-Dinitro-2-isopropyl-5-methylpheny! 
4-toluenesulfonate, 545 
3,5-Dinitro-4-methoxybenzenesulfonic 
acid, 411 
3,5-Dinitro-4-methylbenzene- 
sulfonamide, 469 
3,5-Dinitro-2-methylbenzenesulfonic 
acid, 408 
3,5-Dinitro-4-methylbenzenesulfonic 
acid, 408 
3,5-Dinitro-2-methylbenzenesulfony! 
chloride, 469 
3,5-Dinitro-4-methylbenzenesulfony! 
chloride, 469 
4,5-Dinitro-2-methylpheny! 4-methyl-3- 
nitrobenzenesulfonate, 549 
2,3-Dinitro-5-methylpheny! 4-toluene- 
sulfonate, 544 
2,4-Dinitro-5-methylphenyl 4-toluene- 
sulfonate, 544 
2,4-Dinitro-6-methylphenyl 4-toluene- 
sulfonate, 510 
2,6-Dinitro-4-methylphenyl 4-toluene- 
sulfonate, 544. 553 
4,6-Dinitro-2-methylphenyl 4-toluene- 
sulfonate, 544 
Dinitronaphthalenedisulfonic acids, 410 
1,8-Dinitronaphthalene-3,6-disulfony! 
chloride, 491 
1,8-Dinitronaphthalene-3-sulfonamide, 
488 
Dinitronaphthalenesulfonic acids, 281, 
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Dinitronaphthalenesulfonyl chlorides, 
488, 489 
Dinitronaphthyl 3-nitrobenzene- 
sulfonates, 547 
2,4-Dinitro-1-naphthyl 
4-toluenesulfonate, 546 
3,5-Dinitro-2-(3-nitrobenzene- 
sulfonamido)-biphenyl, 594 
3,5-Dinitro-4-(3-nitrobenzene- 
sulfonamido)-biphenyl, 594 
2,2’-Dinitrophenoxybenzene-4,4’- 
disulfony] chloride, 485 
4-(2,4-Dinit rophenoxy )-benzenesulfonic 
acid, 264 
4-(2,4-Dinitrophenoxy)-3-nitrobenzene- 
sulfonyl chloride, 485 
2,4-Dinitro-3-phenylaminophenyl 
4-toluenesulfonate, 544 
2,4-Dinitrophenyl benzenesulfonate, 540 
2,4-Dinitropheny] ethyl] sulfide, 663 
2,4-Dinitrophenyl ethyl sulfone, 
668, 672 
2,4-Dinitropheny] n-hepty! sulfide, 663 
2,4-Dinitropheny] n-hepty! sulfone, 663 
2,4-Dinitropheny] n-hexy] sulfide, 663 
2,4-Dinitropheny] n-hexy] sulfone, 663 
2,4-Dinitropheny! 2-hydroxy-5-methyl- 
pheny! sulfone, 699 
2,4-Dinitrophenyl] isoamy] sulfide, 663 
2,4-Dinitropheny] isoamy] sulfone, 663 
2,4-Dinitropheny] isobuty] sulfide, 663 
2,4-Dinitropheny! isobuty] sulfone, 663 
2,4-Dinitropheny! isopropy! sulfide, 663 
2,4-Dinitropheny] isopropyl sulfone, 663 
2,4-Dinitrophenyl 3-methoxy- 
2-naphthy! sulfone, 696 
2,4-Dinitropheny! methyl sulfide, 663 
2,4-Dinitropheny! methyl sulfone, 663, 
668, 672, 679 
2,4-Dinitrophenyl 2-naphthyl sulfone, 
671 
2,4-Dinitropheny] 3-nitrobenzene- 
sulfonate, 547, 554 
2,4-Dinitrophenyl 3-nitrophenyl sulfone, 
671, 672 
2,4-Dinitrophenyl n-nony] sulfide, 663 
2,4-Dinitropheny! n-nony] sulfone, 663 
2,4-Dinitropheny! n-octyl sulfide, 663 
2,4-Dinitrophenyl! n-octyl sulfone, 663 
2,4-Dinitrophenyl a-phenylethy! sulfide, 
664 
2,4-Dinitropheny! @-phenylethy] sulfide, 
664 


663, 


2,4-Dinitropheny] a-phenylethy! sulfone, 
664 


2,4-Dinitrophenyl §-phenylethy] sulfone, 
664 
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2,4-Dinitropheny! pheny] sulfide, 664 

2,4-Dinitrophenyl phenyl sulfone, 
664, 670, 672, 673 

2,4-Dinitro-6-phenylphenyl 4-toluene- 
sulfonate, 546 

2,4-Dinitropheny] 6-phenylviny] sulfone, 
726 

2,4-Dinitropheny] n-propyl sulfide, 663 

2,4-Dinitrophenyl n-propyl! sulfone, 663 

2,4-Dinitropheny] styryl sulfone, 726 

2,4-Dinitrophenylsulfonylacetic acid, 679 

2,5-Dinitrophenylsulfonylacetic acid, 679 

2,4-Dinitrophenylthiuronium chloride, 
461 

2,4-Dinitrophenyl 4-toluenesulfonate, 
543, 552 

2,6-Dinitrophenyl 4-toluenesulfonate, 
543 

2,4-Dinitrophenyl 4-tolyl sulfide, 665 

2,4-Dinitropheny] 2-tolyl sulfone, 671 

2,4-Dinitrophenyl 4-tolyl sulfone, 665, 
671, 672, 673 

Di-(2-nitropheny]) trimethylene 
disulfide, 748 

Di-(4-nitrophenyl) trimethylene 
disulfide, 748 

2,4-Dinitrophenyl 4-xeny] sulfide, 665 

2,4-Dinitrophenyl 4-xeny] sulfone, 665 

4,4'-Dinitrostilbene-2,2’-disulfonic acid, 
395 

2,4-Dinitrostilbenesulfonic acid, 263 

3,5-Dinitro-2-(4-sulfophenoxy )-benzoic 
acid, 264 

2,4-Dinitrothiophenol, 365, 440 

3,5-Dinitro-2-(4-toluenesulf onamido)- 
biphenyl, 594 

3,5-Dinitro-4-(4-toluenesulfonamido)- 
biphenyl, 594 

1,6-Dinitro-2-(4-toluenesulfonamido)- 
naphthalene, 595 

2,4-Dinitro-1-(4-toluenesulfonamido)- 
naphthalene, 595 

3,5-Dinitro-2-(4-toluenesulfonamido)- 
phenyl 4-toluenesulfonate, 544 

4,6-Dinitro-3-(4-toluenesulfonamido)- 
phenyl 4-toluenesulfonate, 544 

1,6-Dinitro-2-(4-toluenesulfonmethyl- 
amido)-naphthalene, 595 

3,5-Dinitro-4-tolyl phenyl sulfone, 686 

3,5-Dinitro-2,4,6-tribromobenzene- 
sulfonamide, 464 

3,5-Dinitro-2,4,6-tribromobenzene- 
sulfonic acid, 389, 407 J 

3,5-Dinitro-2,4,6-tribromobenzene- 
sulfonyl chloride, 464 

Dioxane sulfotrioxide, 6, 134, 200, 247 

Dipenteny! sulfone, 759 
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1,2-Diphenoxyethane-4,4’-disulfonic 
acid, 264 

1,3-Diphenoxy-2-hydroxy propane-4,4’- 
disulfonic acid, 264 

Diphenylaminedisulfonic acid, 263, 405, 
412 

Diphenylamine-4-sulfonic acid, 263, 405, 
412 

Dipheny] carbethoxyisopropylidene 
disulfide, 737 

Diphenyl 1,3-cyclopentylene disulfide, 
748 

Diphenyldichloromethane-3,3’- 
disulfony! chloride, 486 

Dipheny] disulfide, 461 

1,2-Dipheny] ethane-4,4’-disulfonic acid, 
262 

Dipheny] ethylene disulfone, 461 

Dipheny] ethylidene disulfide, 736 

Diphenyl] ethylidene disulfone, 736 

8,6-Diphenylethy] 4-tulyl sulfone, 727 

y,y-Diphenyl-a-hydroxyallyl phenyl! 
sulfone, 734 

y,y-Diphenyl-y-hydroxypropeny! phenyl 
sulfone, 734 

y,y-Diphenyl-y-hydroxypropyl phenyl 
sulfone, 734 

Dipheny] isopropylidene disulfide, 736, 
737 

Dipheny! isopropylidene disulfone, 736, 
737 

Diphenylmethane-4,4’-disulfonanilide, 
486 ; 

Diphenylmethane-4,4’-disulfonic acid, 
261 

Diphenylmethane-4,4’-disulfonyl 
chloride, 486 

Diphenylmethane-a-sulfonic acid, 116 

Diphenylmethane-4-sulfonic acid, 261 

Diphenylmethylamine-4-sulfonic acid, 
264 

Dipheny] methylene disulfide, 736 

Diphenyl methylene disulfone, 736 

Diphenyl-4-nitrophenylmethyl phenyl 
sulfone, 668 

2,4-Diphenylphenyl phenyl sulfone, 675 

2,5-Diphenylphenyl 4-toluenesulfonate, 
546 

Dipheny] propane-2,2-disulfonate, 128 

Dipheny] o-sulfobenzoate, 552, 553 

8-Diphenylsulfonium perchlorate, 691 

a,8-Diphenylsulfonylethane, 366, 678, 
711 

Di-(8-phenylsulfonylethyl)-amine, 694 

a,8-Diphenylsulfonylpropane, 692 

a,8-Diphenylsulfonylsuccinic acid, 678 

3,4-Diphenylthiophene-1,1-dioxide, 731 
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1,1-Dipheny]-2,2,3-trichlorobutane- 
sulfonic acid, 262 
Dipheny] trimethylene disulfide, 748 
Dipheny] trimethylene disulfone, 748 
Diphenylurea-4,4’-disulfony] chloride, 
486 
p-Di-n-propylbenzenesulfonic acid, 208 
Di-n-propylthiophene S-dioxide, 760 
Disaccharins, 636, 637 
Disulfamylbenzamide, 482 
3,5-Disulfamylbenzoic acid, 482 
3,5-Disulfobenzoic acid, 227, 429, 438 
8, 5-Disulfocaprylic acid, 154 
Disulfodihydrocitral, 137 
Disulfoglutaric acid, 157 
4,7-Disulfo-1-hydroxy-2-naphthoic acid, 
391 
4,8-Disulfonaphthalene-1-sulfinic acid, 
366 
4,8-Disulfonaphthalene-2-sulfinie acid, 
366 
a-Disulfones, 734 
8-Disulfones, 735, 739, 742 
y-Disulfones, 742, 744, 745 
3,5-Disulfophthalic acid, 229 
lisulfopropionaldehyde, 136 
8,8-Disulfopropionic acid, 146 
Disulfosalicyclic acid, 239 
dl-Disulfosuccinic acid, 156 
8,6-Disulfovaleric acid, 154 
1,3-Dithiacyclohexane tetroxide, 756 
1,3-Dithiacyclopentane tetroxide, 745, 
756 
Dithiane tetroxide, 744, 745 
Dithiohydroquinone, 367, 461, 513 
Dithioresorcinol, 461 
4,4’-Di-(4-toluenesulfonamido)-bipheny], 
595 
1,4-Di-(4-toluenesulfonamido)-5- 
hydroxyanthraquinone-6-sulfonic 
acid, 310 
Di-4-tolyl methylene disulfone, 736 
1,3-Di-(4-tolylsulfony])-1-phenyl-3- 
hydroxypropane, 692 
3,4-Di-(4-tolyl)-thiophene-I,1-dioxide, 
729 
Dodecahydrophenoxathiin dioxide, 759 
Dodecane-1-sulfonic acid, 99 
2-Dodecoxy-5-methylbenzenesulfonic 
acid, 238 
4-Dodecoxy-3-methylbenzenesulfonic 
acid, 238 
Dodecylbenzenesulfonic acid, 206 
Dodecy] 4-bromobenzenesulfonate, 516 
n-Dodecy] ethy] sulfide, 661 
n-Dodecy] ethy] sulfone, 661 
Dodecy! hydrogen sulfate, 8, 13, 14 
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Dodecy] s-hydroxyethyl sulfone, 693 

n-Dodecy] sulfate, 73 

Dodecy] 4-toluenesulfonate, 518, 530, 
532 

n-Dodecy} 4-tolyl sulfone, 669 

Durenesulfonic acid, 212; see also 2,3,5,6- 
Tetramethylbenzenesulfonic acids 
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2,3-Epoxypropanc-1-sulfonic acid, 135 
Ergostany] 4-toluenesulfonate, 519 
a-Ergosteny] 4-toluenesulfonate, 519 
Ergostery] 4-toluenesulfonate, 529 
Erysoline, 701 
Ethane-1,2-disulfinic acid, 743, 745 
Ethane-1,1-disulfonic acid, 165 
Ethane-1,2-disulfonic acid, 166 
Ethane-1,1-disulfonyl chloride, 160 
Ethane-1,2-disulfony! chloride, 112, 167, 
168 
Ethane-1,2-dithiol, 167 
Ethanesulfinic acid, 668, 672, 683, 742, 
743, 755 
Ethanesulfonamide, 101, 111 
Ethanesulfonanilide, 102 
Ethanesulfonic acid, 109 
physical properties, 99 
preparation of, 28, 96, 97, 98, 99 
reaction with alkali, 110 
reaction with chlorine, 101 
reaction with iodine trichloride, 102 
reaction with sodium hydroxide, 101 
zine salt, 113 
Ethanesulfony! chloride, 102, 110 
Ethanesulfony! fluoride, 110 
Ethanethiol, 17, 65, 741 
a-(4-Ethoxybenzeneazo)-4-bromo- 
phenylsulfonylacetonitrile, 717 
a-(4-Ethoxybenzeneazo)-2-naphthyl 
sulfonylacetonitrile, 717 
a-(4-Ethoxybenzeneazo)-o-phenyl- 
sulfonylpropionitrile, 717 
2-Ethoxybenzene-1,4-disulfonamide, 477 
2-Ethoxybenzene-1,4-disulfony! chloride, 
477 
4-Ethoxybenzene-1,3-disulfony! chloride, 
477 
Ethoxybenzenesulfinic acid, 366 
2-Ethoxybenzenesulfonamide, 475 
3-Ethoxybenzenesulfonamide, 475 
4-Ethoxybenzenesulfonamide, 476 
2-Ethoxybenzenesulfonanilide, 475 
3-Ethoxybenzenesulfonanilide, 475 
4-Ethoxybenzenesulfonanilide, 476 
4-Ethoxybenzenesulfonic acid, 366, 403 
2-Ethoxybenzenesulfony] chloride, 475 
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3-Ethoxybenzenesulfony] chloride, 475 
4-Ethoxybenzenesulfony] chloride, 476 
3-Ethoxybenzisothiazole 1-dioxide, 619 
§-(Ethoxycarbimino)-ethyl 4-toluenc- 
sulfonate, 518 
8-Ethoxyethy! benzenesulfonate, 516, 
537 
6-Ethoxyethy] 4-toluenesulfonate, 518 
4-Et hoxy-5-isopropy!-2-met hy! benzene- 
sulfonic acid, 238 
3-Ethoxy-4-methoxybenzene- 
sulfonamide, 477 
4-Ethoxy-3-met hoxybenzene- 
sulfonamide, 477 
3-Ethoxy-4-met hoxybenzenesulfonyl 
chloride, 477 
4-Ethoxy-3-methoxybenzenesulfony! 
chloride, 477 
Ethoxymethylbenzenesulfonamides, 476, 
477 
2-Ethoxy-5-methylbenzencsulfonie acid, 
238, 373 
2-Ethoxy-5-met hylbenzenesulfonyl 
chloride, 238, 477 
3-Et hoxy-4-met hylbenzenesulfony! 
chloride, 476 
4-Ethoxy-2-methylbenzenesulfony! 
chloride, 238, 476 
5-Ethoxy-2-methylbenzenesulfony! 
chloride, 476 
2-Ethoxynaphthalene-1,6-disulfonamide, 
491 
2-Ethoxynaphthalene-1,6-disulfon- 
anilide, 491 
Ethoxynaphthalenedisulfonyl chlorides, 
491 
Ethoxynaphthalenesulfonamides, 489 
Ethoxynaphthalenesulfonanilides, 489 
4-Ethoxynaphthalene-1-sulfonic acid, 
289 
1-Ethoxynaphthalenesulfonyl chlorides, 
489 
2-Ethoxy-1-nitronaphthalene-6- 
sulfonamide, 489 
2-Ethoxy-?-nitronaphthalene-8- 
sulfonamide, 489 
1-Ethoxy-2-nitronaphthalene-6-sulfonic 
acid, 290 
2-Ethoxy-1-nitronaphthalene-6-sulfonyl 
chloride, 489 
2-Ethoxy-?-nitronaphthalene-8-sulfonyl 
chloride, 489 
4-Ethoxy-6-nitro-3-(3-nitrobenzamido)- 
benzenesulfonyl chloride, 480 
2-Ethoxy phenylsulfonylacetone, 721 
4-Ethoxyphenylsulfonylacetone, 721 
4-Ethoxyphenylsulfonylacetonitrile, 712 
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2-Ethoxyphensulfonylacetophenone, 721 
4-Ethoxyphenylsulfonylacetophenone, 
721 : 
2-(2-Ethoxyphenylsulfonyl!)-benzene- 
sulfinie acid, 461 
2-(2-Ethoxyphenylsulfonyl)-benzene- 
sulfonyl chloride, 461 
a-(4-Ethoxyphenylsulfony])-dibenzy]l- 
acctonitrile, 714 
4-Ethoxyphenvlsulfonyldiethy! 
acetonitrile, 714 
a-(2-Ethoxyphenylsulfonyl)-y-4-tolyl- 
sulfonylacetone, 750, 752 
a-(41thoxyphenylsulfonyl)-y-(4-tolyl- 
sulfonyl)-acetone, 750, 752 
3-(2-Ethoxypheny]sulfony!)-2-(4-tolyl- 
sulfonylmethyl)-quinoline, 752 
2-Ethoxy-5-2-propylbenzene- 
sulfonamide, 477 
4-Et hoxy-2-n-propylbenzene- 
sulfunamide, 476 
2-i’ thoxy-5-n-propylbenzenesulfonic 
acid, 238 
4-Ethoxy-2-n-propylbenzenesulfonic 
acid, 238 
2-Ethoxy-5-n-propylbenzenesulfonyl 
chloride, 477 
4-Ethoxy-2-n-propylbenzenesulfonyl 
chloride, 476 
&-Ethoxyquinoline-5-sulfonic acid, 321 
Ethyl acenaphthene-3-sulfonate, 522 
5-(Ethylamino)-2-methylbenzenesulf onic 
acid, 252 
2-Ethylaminopheny! 4-tolyl sulfone, 704 
4-Ethylaminotoluene-2-sulfonic acid, 252 
Ethyl anthracene-2-sulfonate, 522 
Ethy] anthraquinone-2-sulfonate, 522 
Ethy] arylsulfonyliminoacetates, 713 
4-Ethylbenzene-1,3-disulfonamide, 471 
4-Ethylbenzene-1,3-disulfonic acid, 205 
4-Ethylbenzene-1,3-disulfony] chloride, 
471 
Ethylbenzenesulfonamides, 467 
Ethyl! benzenesulfonate, from benzene- 
sulfonyl fluoride, 456 
hydrolysis of, 526, 527 
preparation of, 508, 516 
pyrolysis of, 525 
reaction with alcohols, 528 
reaction with ammonia, 526, 530 
reaction with hydrazine, 526 
4-Ethylbenzenesulfonic acid, 205, 399, 
422 
Ethylbenzenesulfonyl chlorides, 467 
4-Ethylbenzenesulfonyl fluoride, 205, 
454, 457 
Ethyl] benzene-1,3,5-trisulfonate, 520 


INDEX 


Ethyl benzophenone-2-sulfonate, 520 

Ethyl biphenyl-4-sulfonate, 520 

Ethyl 8,8-bis-(phenylsulfonyl)-n- 
butyrate, 737, 740 

Ethyl 8,8-bis-(phenylsulfonyl)-a-ethyl- 
n-butyrate, 737 

Ethyl 8,6-bis-(phenylsulfonyl)-a-methyl- 
n-butyrate, 737 

Ethyl 4,5-bis-(phenylsulfonyl)- 
n-valerate, 737 

Ethyl 8,8-bis-(phenylthiol)-a-ethy]l- 
n-butyrate, 737 

Ethyl 8,8-bis-(phenylthiol)-e-methyl- 
n-butyrate, 737 

Ethyl y,7-bis-(phenylthiol)-n-valerate, 
737 

Ethyl 4-bromobenzenesulfonate, 516, 
526, 527, 528 

Ethyl 6-bromo-3-carbamylbenzene- 
sulfonate, 520 

Ethyl 6-bromo-3-carboxybenzene- 
sulfonate, 520 

Ethyl] 3-bromo-2-hydroxy-5-met hyl- 
benzenesulfonate, 519 

Ethyl-5-bromo-4-hydroxy-3-methyl- 
benzenesulfonate, 520 

Ethyl, 5-bromonaphthalene-1-culfonate, 
521 : 

Ethyl 9-bromophenanthrene-3-sulfonate, 
522 

Ethyl 10-bromophenanthrene- 
3-sulfonate, 522 

Ethyl n-butyl sulfate, 70 

9-Ethylearbazole-3-sulfonic acid, 320 

Ethyl 2-carbethoxybenzenesulfonate, 
§20 

Ethyl 3-carbethoxy-6-hydroxybenzene- 
sulfonate, 520 

Ethyl 2-carbethoxy-5-nitrobenzene- 
sulfonate, 520 

2-Ethylearbethoxyoxynaphthalene- 
6-sulfony] chloride, 489 

2-Ethylearbethoxyoxynaphthalene- 
8-sulfonyl chloride, 489 

Ethyl 2-carbomethoxybenzenesulfonate, 
520 

Ethyl 2-carbomethoxy-5-nitrobenzene- 
sulfonate, 520 

Ethyl 4-chlorobenzenesulfonate, 516 

Ethyl 5-chloro-2-iodobenzenesulfonate, 
516 

Ethyl] chloronaphthalenesulfonates, 521 

Ethyl chloronitronaphthalenesulfonates, 
522 

Ethyl 9-chlorophenanthrene-3-sulfonate, 
522 

Ethyl chlorosulfonate 30, 63, 64, 70 
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Ethyl (a-chlorosulfonyloxy)-propionate, 
39 
Ethy] 3,5-dibromo-4-hydroxybenzene- 
sulfonate, 517 
Ethyl 5,8-dibromonaphthalene- 
2-sulfonate, 521 
Ethyl 2,5-dichlorobenzenesulfonate, 516 
Ethyl dichloronapht halenesulfonates, 
§21 
Ethyl diiodobenzencsulfonates, 516 
Ethyl 4,5-dinitronaphthalene- 
2-sulfonate, 522 
Ethyl 3,5-dinitrophenyl xanthate, 366 
Ethyl 8,8-diphenylsulfonylbutyrate, 732 
Ethylene benzenesulfonate, 516, 526 
Ethylene bis-(sulfonylacetic acid), 744 
Ethylene polysulfone, 758 
Ethylene sulfate, 73 
Ethylenesulfonamide, 168 
Ethvlenesulfonanilide, 168 
Ethylenesulfonic acid, 170 
addition of sodium bisulfite to, 172 
from 2-bromoethane-1-sulfonyl 
chloride, 168 
preparation of, 113, 167 
reactions of, 171 
reduetion of, 110 
Ethylene thiocyanate, 167 
Ethylene 4-toluenesulfonate, 518 
Ethyl ethanesulfonate, 110, 111, 680 
Ethyl 3-ethoxybenzenesulfonate, 517 
Ethy] 4-fluoronaphthalene-1-sulfonate, 
521 
Ethyl 5-fluoronaphthalene-1-sulfonate, 
521 
Ethyl fluorosulfonate, 29 
Ethyl n-hexadecyl sulfide, 661 
Ethyl hexadecyl] sulfone, 661 
Ethyl hydrogen sulfate, hydrolysis of, 28 
kineties of formation, 24 
preparation, 23 
pyrolysis of, 1& 
reactions of, 8, 27 
salts of, 
ammonium salt, pyrolysis of, 18 
aniline salt, pyrolysis of, 248 
barium salt, pyrolysis of, 18 
reaction with ammonium sulfate, 
63 
calcium salt, preparation of 
ethanethiol from, 17 
potassium salt, pyrolysis of, 18 
reaction with potassium cyanide, 
16 
reaction with potassium nitrate, 
29 
reaction with sodium nitrite, 15 
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Ethyl hydrogen sulfate, salts of, sodium 
salt, reaction with amines, 28 
reaction with hydrogen chloride, 
29 
reaction with sodium sulfite, 27 
rearrangement of, 110 
sulfonation of, 131 
5-Ethyl-2-hydroxybenzenesulfonic acid, 
426 
Ethyl] 4-iodobenzenesulfonate, 516, 528 
Ethyl 5-iodonaphthalene-1-sulfonate, 
521 
Ethyl] 4-iodopheny] sulfide, 461, 663 
Ethyl 4-iodopheny! sulfone, 663 
Ethyl] isoamy! sulfone, 661 
Ethyl isoamyl] sulfoxide, 661 
2-Ethyl-5-isopropylbenzenesulfonanilide, 
473 
1-Ethy]-3-isopropylbenzenesulfonic 
acid, 211 
1-Ethy]-4-isopropylbenzenesulfonic acid, 
211 
2-Ethyl-5-isopropylbenzenesulfony] 
chloride, 473 
Ethylisopropylnaphthalenesulfonic 
acid, 275 
Ethyl lactate chlorosulfonate, 39 
Ethylmesitylenesulfonic acid, 213 
Ethyl methanedisulfonate, 165 
Ethyl methanesulfonate, 106 
5-Ethy]-2-methylbenzenesulfonamide, 
472 
Ethylmethylbenzenesulfonic acids, 209 
5-Ethy]-2-methylbenzenesulfony] 
chloride, 472 
Ethylmethylmethionic acid, 166 
Ethyl methyl methylene disulfide, 736 
Ethyl methyl] methylene disulfone, 736 
Ethy] 4-methyl-2-nitropheny] sulfone, 
679 
Ethyl! methy! sulfate, 70 
Ethyl! methy!] sulfide, 661 
Ethylmethylsulfoacetic acid, 144 
Ethyl methyl! sulfone, 661 
Ethyl 4-methyl-5-sulfophenyl xanthate, 
376 
Ethyl methyl] trimethylene disulfide, 748 
2-Ethylnaphthalene-6-sulfonamide, 490 
Ethyl naphthalene-1-sulfonate, 520, 527 
Ethy] naphthalene-2-sulfonate, 521 
1-Ethylnaphthalenesulfonic acid, 275 
2-Ethylnaphthalenesulfonic acid, 275 
2-Ethylnaphthalene-6-sulfony! chloride, 
490 
N-Ethy]-2-naphthylamine-5,7-disulfonic 
acid, 298 
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N-Ethyl-2-naphthylamine-5-sulfonic 
acid, 298 

N-Ethy]l-2-naphthylamine-7-sulfonic 
acid, 298 

Ethyl] 1-naphthy] sulfone, 670 

Ethy] 2-naphthy! sulfone, 670 

Ethyl] nitrobenzenesulfonates, 517, 527 

Ethylnitrobenzenesulfonic acid, 224 

Ethy] 4-nitrobenzy] sulfone, 668 

Ethy] 4’-nitrobipheny]-4-sulfonate, 520 

Ethy] 4-nitro-2-chlorosulfonylbenzoate, 
633 

Ethy] nitronaphthalenesulfonates, 521, 
522 

Ethy] 4-nitropheny] sulfide, 663 

Ethy! 3-nitropheny! sulfone, 685 

Ethy] 4-nitropheny] sulfone, 663 

N-Ethyl-6-nitrosaccharin, 634 

Ethy] 2-nitro-4-trifluoromethylpheny] 
sulfone, 679 

Ethyl! n-octy! sulfide, 661 

Ethyl n-octy! sulfone, 661, 683 

Ethyl phenanthrenesulfonates, 522 

Ethy!] 4-phenolsulfonate, 517 

2-Ethylphenol-4-sulfonic acid, 237 

3-Ethylphenolsulfonic acid, 237 

4-Ethylphenol-2-sulfonic acid, 237 

Ethyl phenyl benzylidene disulfide, 736 

Ethyl phenyl benzylidene disulfone, 736 

Ethyl phenyl! ethylidene disulfone, 738 

Ethyl pheny] methylene disulfide, 736 

Ethyl phenyl methylene disulfone, 736 

4-Ethylphenyl phenyl sulfone, 675 

Ethyl! phenyl sulfide, 662 

Ethy! phenyl] sulfone, from ethyl ethane- 
sulfonate, 111 

preparation of, 662, 668 
reaction with chlorosulfonic acid, 686 

Ethyl phenylsulfonylacetate, 708, 709, 
718 

Ethyl a-phenylsulfonyl-n-butyrate, 708 

Ethyl a-phenylsulfonyl-8-phenyl- 
propionic acid, 709 

4-Ethylphenyl 4-toly] sulfone, 675 

2-Ethy1!-5-n-propylbenzenesulfonamide, 
473 

4-(1-ethyl-n-propy!)-benzenesulfon- 
amide, 467 

1-Ethyl-4-n-propylbenzenesulfonic acid, 
210 

2-Ethyl-5-n-propylbenzenesulfonyl 
chloride, 473 

4-(1-ethylpropy])-benzenesulfony] 
chloride, 467 

a-Ethyl-n-propylpheny] sulfide, 662 

a-Ethyl-n-propyl phenyl sulfone, 662 

Ethyl n-propyl sulfate, 70 
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Ethyl n-propyl] sulfide, 661 
Ethyl n-propyl! sulfone, 661 
1-Ethylpropy! 4-toluenesulfonate, 517, 
537 
N-Ethylsaccharin, 579, 626, 629 
Ethyl saccharin-N-carboxylate, 626 
Ethyl] sulfate, physical properties of, 73 
preparation of, 62 
properties of, 64 
reactions of, 64, 65 
Ethyl! sulfide, 65, 661 
Ethyl! sulfite, 64, 103 
Ethyl sulfone, dipole moment of, 658 
from diethyllead, 681 
inertness of, 683 
reaction with hot. alkali, 683 
reaxetion with iodine trichloride, 683 
preparation of, 661, 668, 678 
solubility in water, 681 
Ethylsulfonylacetamide, 719 
3-(Ethylsulfonyl)-benzenesulfonyl 
chloride, 686 
a-Ethylsulfonyl-n-but yramide, 719 
a-Et hylsulfonvleaproamide, 719 
Ethyl sulfonyldiacctate, 711 
a-Ethylsulfonylisobutyramide, 719 
a-Ethylsulfonylisovaleramide, 719 
Ethylsulfonylmethylsulfonylmethane, 
736 
Ethylsulfonylmethylsulfonylphenyl- 
sulfonylmethane, 753 
Ethylsulfonylmethylsulfonylphenyl- 
thiomethane, 739, 753 
1-Ethylsulfonyl-3-methylsulfonyl- 
propane, 748 
Ethylsulfonylmethylthiophenylsulfony]- 
methane, 753 
4-Ethylsulfonylphenylhydrazine, 687 
1-Ethylsulfonyl-1-phenylsulfonylethane, 
739 
Ethylsulfonylphenylsulfonylmethane, 
736 
1-Ethylsulfonyl-3-phenylsulfonyl- 
2-propanol, 749 
1-Ethylsulfonyl-3-phenylsulfonyl- 
propene, 749 
w-Ethylsulfonyl-w-phenylsulfonyl- 
toluene, 736 
a-Ethylsulfonylpropionamide, 719 
a-Ethylsulfonylpropionic acid, 678, 708, 
709 


a-Ethylsulfonyl-n-valeramide, 719 

Ethy] 2-sulfopheny! xanthate, 366 

Ethy] sulfoxide, 661 

Bthy] 4-toluenesulfonamidoacetate, 583, 
598 
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Ethyl 4-toluenesulfonate, hydrolysis of, 
527 
in Friedel-Crafts reaction, 537 
preparation of, 507, 517 
reaction with ammonia, 530 
reaction with aniline, 531 
reaction with ethoxymagnesium 
bromide, 529 
reaction with ethyl sodiomalonate, 
536, 537 
reaction with Grignard reagents, 534 
reaction with methylamine, 530 
reaction with phenols, 529 
reaction with potassium cyanate, 533 
reaction with potassium iodide, 533 
reaction with pyridine, 532 
reaction with sodium alkoxides, 528 
reaction with sodium benzoate, 534 
reaction with sodium lactate, 534 
reaction with sodium phenylacetylide, 
537 
reaction with thiophenols, 530 
Ethyltoluenesulfonic acid, 209 
Ethyl 4-tolyl sulfide, 506, 664 
Ethyl 2-tolyl sulfone, 669 
Ethyl 4-tolyl sulfone, 664, 669 
Ethyl 4-tolylsulfonylacetate, 708 
Ethyl! a-(4-tolylsulfonyl)-acetoacetate, 
505 
Ethyl 2,3,5-triiodobenzenesulfonate, 517 
Ethyl 2,4,5-triiodobenzenesulfonate, 517 
Ethyl 3,4,5-tritodobenzenesulfonate, 517 
5-Ethyl-1,2,4-trimethylbenzenesulfonic 
acid, 213 
Ethyl] trithioorthoformate, 738, 754 
Ethy] vinyl sulfone, 689 
Eugenyl hydrogen sulfate, 46 


F 


Fluoranthrenedisulfonic acid, 313 
Fluorene-2,6-disulfonic acid, 313 
Fluorene-2,7-disulfonic acid, 312, 436 
Fluorene-3,6-disulfonic acid, 313 
Fluorene-2-sulfonic acid, 312 
Fluorenesulfonic acids, reaction with 
alkali, 430 
Fluorenone-2,7-disulfonic acid, 313 
2-Fluoreny] 4-toluenesulfonate, 546 
4-Fluoroaniline-2-sulfonic acid, 254 
4-Fluoroaniline-3-sulfonic acid, 254 
4-Fluorobenzenesulfinic acid, 669 
4-Fluorobenzenesulfonamide, 463 
4-Fluorobenzenesulfonic acid, 214, 407 
Fluorobenzene-4-sulfonyl chloride, 214, 
463 


824 


5-Fluoro-2-methoxybenzenesulfonamide, 
476 
5-F luoro-2-methoxybenzenesulfony1 
chloride, 240, $76 
4-Fluoro-2-methylbenzenesulfonamide, 
467 
4-Fluoro-3-methylbenzenesulfonamide, 
467 
5-Fluoro-2-methylbenzenesulfonie acid, 
37+ 
Fluoromethylbenzenesulfonyl chlorides, 
467 
Fluoronapht halenesulfonamides, 487 
3-Fluoronapht halene-1-sulfonanilide, 487 
4-Fhioronaphthalene-1-sulfonanilide, 487 
4-Fluoronaphthalene-1-sulfonic acid, 374 
5-Fluoronaphthalene-1-sulfonic acid, 374 
Fluoronaphthalenesulfonyl chlorides, 
487 
4-Fluoro-2-nitrobenzenesulfonic acid, 407 
4-Fluorophenyl 4-nitrobenzy] sulfone, 
669 
2-Fluorosulfonylbenzoic acid, 456 
3-Fluorosulfonylbenzoie acid, 454 
4-Fluorosulfonylbenzoic acid, 454, 455 
5-Fluorosulfonyl-2-hydroxybenzoic acid, 
454 
5-Fluorosulfonyl-4-hydroxy-1-methyl- 
benzenesulfonic acid, 454 
1-Fluorosulfonylnaphthalene-5-sulfon- 
amide, 490 
2-Fluorosulfonylnaphthalene-6-sulfon- 
amide, 490 
1-Fluorosulfonylnaphthalene-5-sulfony! 
chloride, 490 
2-Fluorosulfonylnaphthalene-6-sulfony! 
chloride, 490 
4-Fluorotoluene-2-sulfonie acid, 374 
§-Fluoro-2,3,6-trimethylbenzenesulfon- 
amide, 474 
§-Fluoro-1,2,4-trimethylbenzenesulfonic 
acid, 219, 220 
5-Fluoro-2,3,6-trimethylbenzenesulfony] 
chloride, 474 
Formaldehyde bisulfite, 128, 129 
Formylbromomethionic acid, 161 
Formylchloromethionic acid, 161 
1-Formylethane-1,1-disulfonie acid, 166 
Formylmethionic acid, 126, 157 
Furansulfonic acid, 315 
Furfuryl 4-toluenesulfonate, 519 


G 
G acid, 287, 386; see also 2-Naphthol- 


6,8-disulfonie acid 
Glycery] tribenzenesulfonate, 525 
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Glycery] tri-+toluenesulfonate, 525 

Glycyleysteic acid, 152 

Glycyltaurine, 123 

Glyoxaline-4-sulfonie acid, 406 

Glyoxal sulfate, 72, 73 

Guaiseol-3-sulfonice acid, 242 

Guniacol-4-sulfonic acid, 242, 243 

Guniacolsulfonic acids, alkaloid salts of, 
384, 403 


H 


Halazone, 602, 604, 612 

e-Haloalkyl sulfones, 688 

B8-Haloalky! sulfones, 689 

Halobenzenesulfonic acids, hydrolysis of, 
388 

reaction with alkali, 424 
reduction of, 372 

Haloethanesulfoniec acids, 112 

4-Halo-1-hydroxyanthraquinonesulfonic 
acid, 375 

Halomethanesulfonie acid, 106 

2-Halophenolsulfonic acid, hydrolysis of, 
390 

Halosulfoacetic acids, 149 

Hemimellithene-4-sulfonic acid, 211 

a-n-Heptadecenylindolesulfonie acid, 
318 

Heptane-1-sulfonic acid, 98, 101 

n-Heptyl sulfate, 73 

n-lieptyl sulfide, 661 

n-Heptyl sulfone, 661 

2-n-Hept yl-1,3,5-trimethylbenzene- 
sulfonic acid, 213 

Hexa-(alkylsulfonylmethyl)-benzenes, 
757 

(Hexachlorocyclohexyl phenyl ketone)- 
sulfonic acid, 225 

Hexadecane-1-sulfonie acid, 97, 99, 113 

4-Hexadecoxybenzenesulfonic acid, 233 

2-Hexadecoxy-5-methylbenzenesulfonic 
acid, 238 : 

3-Hexadecoxy-4-methylbenzenesulfonic 
acid, 238 

4-Hexadecoxy-2-methylbenzenesulfonic 
acid, 238 

4-n-Hexadecylbenzenesulfonic acid, 206 

Hexadecy! 4-bromobenzenesulfonate. 
516 

Hexadecy! hydrogen sulfate, 2, 14 

Hexadecy! sulfate, 73 

Hexadecy! 4-toluenesulfonate, 518, 531, 
533 

p-n-Hexadecyltoluenesulfonic acid, 211 

Hexamethylene polysulfone, 761 

Hexane-1-sulfonic acid, 97, 99, 101 
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Hexane-2-sulfonic acid, 97, 101 
Hexasulfones, 755 
Hexylbenzenesulfoniec acid, 206 
3-Hexyl hydrogen sulfate, 36 
4-n-Hexylphenol-2-sulfonic acid, 237 
4-(n-Hexylsulfonyl)-phenylhydrazine, 
687 
n-Hexyl 4-toluenesulfonate, 518 
sec-Ilexy] 2-tolyl sulfone, 669 
Hydrazinoaromaticsulfonie acids, 374 
Hydrindenesulfonic acid, 209 
1-Hydrogen-2-methy] 3-sulfamyl- 
phthalate, 635 
Hydroquinone-2,6-disulfonanilide, 478 
Hydroquinonedisulfonic acids, 244 
Hydroquinone-2,6-disulfonyl chloride, 
478 
Hydroquinonesulfonic acid, hromination 
of, 403 
chlorination of, 397 
from benzoquinone, 353 
preparation of, 244 
reaction with alkali, 427 
Hydroquinonetetrasulfonic acid, 390 
4-Hydroxyacridine-1-sulfonic acid, 322 
1-Hydroxyanthraquinone-4-sulfon- 
anilide, 494 
1-Hydroxyanthraquinone-2-sulfonic 
acid, 309 
1-H ydroxyant hraquinone-3-sulfonic 
acid, 309 
1-Hydroxyanthraquinone-8-sulfonic 
acid, 308 
2-Hydroxyanthraquinone-3-sulfonic 
acid, 435 
Hydroxyanthraquinonesulfonic acids, 
chlorination of, 398 
from anthraquinone, 305 
hydrolysis of, 394 
preparation of, 442 
1-Hydroxyanthraquinone-4-sulfony] 
chloride, 494 
Hydroxyary] sulfones, 695 
3-Hydroxybenzalanil-6-sulfonic acid, 225 
4-Hydroxybenzaldehyde-3-sulfonie acid, 
225 
4-H ydroxybenzenesulfonanilide, 456 
Hydroxybenzenesulfonic acids, reaction 
with alkali, 426; see also Phenol- 
sulfonic acids 
4-(4-Hydroxybenzenesulfonoxy)- 
benzenesulfonic acid, 548 
4-Hydroxybenzophenone-2-sulfonic acid, 
559 
2-Hydroxybenzylidene-4-bromophenyl- 
sulfonylacetonitrile, 715 
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4-Hydroxyhenzylidene-4-chlorophenyl- 
sulfonylacetonitrile, 715 

2-Ilydroxy benzylidene-1-indanone- 
sulfonic acid, 263 

4~Hydroxybenzylidene-6-naphthyl- 
sulfonylacetonitrile, 715 

2-H ydroxybenzylidenephenylsulfonyl- 
acetonitrile, 715 

4-Iydroxyhbenzylidenephenylsulfonyl- 
acetonitrile, 715 

2-H ydroxybenzylidene-p-tolylsulfonyl- 
acetonitrile, 715 

4-Hydroxybenzylidene-p-tolylsulfonyl- 
acctonitrile, 715 

2-Hydroxybenzylidene-2,4,5-trimethyl- 
phenylsulfonylacetonitrile, 715 

4-H ydroxybiphenyldisulfonie acid, 259 

2-Ilydroxyhiphenyl]-5-sulfonic acid, 259 

1-Hydroxybutane-2-sulfonic acid, 134 

4-Hydroxybutane-l-sulfonic acid, 134 

2-Hydroxycamphane-7-sulfonic acid, 134 

1-Hydroxy-4-chlorosulfonyl-2-naphthoic 
acid, 290 

Hydroxycyclohexanesulfonic acid, 95 

2-Hydroxycyclohexane-1-sulfonic acid, 
134 

trans-2-Hydroxycyclohexyl 2,5-dichloro- 
benzenesulfonate, 516 

trans-Hydroxycyclohexyl 4-toluene- 
sulfonate, 515 

2-Hydroxy-3,5-dimethylphenyl 2-nitro- 
phenyl] sulfone, 699 

3-Hydroxydiphenylamine-4-sulfonic 
acid, 265 

4-Hvdroxydiphenylamine-3-sulfonic 
acid, 265 

4-Hydroxydiphenylmethane-3-sulfonic 
acid, 261 

1-Hydroxy-4,7-disulfo-2-naphthoic acid, 
290, 433 

2-Hydroxy-6,8-disulfo-3-naphthoic acid, 
290 

6-Hydroxyethanesulfinie acid, 745, 755 

8-Hydroxyethylammonium hydrogen 
sulfate, 38 

8-Hydroxyethyl hydrogen sulfate, 40 

8-Hydroxyethyl 2-methoxyphenyl 
sulfone, 693 

§-Hydroxyethyl methyl sulfone, 702 

8-Hydroxyethyl 1-naphthy] sulfone, 693 

§-Hydroxyethyl 2-naphthyl sulfone, 693 

8-Hydroxyethyl 2-nitrophenyl sulfone, 
693, 700 

B-Hydroxyethyl 3-nitrophenyl sulfone, 
693 

#-Hydroxyethyl phenyl sulfone, 692, 693, 
694 
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8-Hydroxyethylsulfonylacetic acid, 680 
8-(8-Hydroxyethylsulfony!)-ethane- 
sulfinic acid, 745, 755 
8-Hydroxyethylsulfonylmethanesulfinic 
acid, 745 
8-Hydroxyethyl 4-toluenesulfonate, 518 
a-Hydroxyethy! 4-toly! sulfone, 692 
6-Hydroxyethyl 4toly] sulfone, 693 
Hydroxy fluoranthenesulfonie acid, 315 
6-Hydroxyhexane-1-sulfonic acid, 134 
a-Hydroxy-n-hexy! 4-tolyl sulfone, 692 
4-Hydroxy-5-iodobenzene-1,3-disulfonic 
acid, 406 
4-Hydroxy-3-iodo-5-met hylbenzene- 
sulfonic aeid, 431 
8-Hydroxy-7-iodoquinoline-5-sulfonic 
acid, 321 
2-[lydroxy-3-iodo-5-sulfobenzoiec acid, 
411 
a-Hydroxyisobutyl 4-tolyl sulfone, 692 
4-Tlydroxy-2-isopropy]-5-methy]- 
benzenesulfonic acid, 402 
4-Hydroxy-3-isopropy!-6-methyl- 
benzenesulfonie acid, 402 
8-Hydroxyisopropyl pheny! sulfone, 366, 
692, 693 
4-(Hydroxylamino)-benzencsulfonamide, 
600 
2-(Hydroxylamino)-pheny! 4-toluene- 
sulfonate, 542 
4-(Hydroxylamino)-phenyl 4-toluene- 
sulfonate, 542 
Hydroxymethanesulfonic acid, sodium 
salt, 118, 128, 130; see also 
Formaldehyde bisulfite 
2-Hydroxy-5-methoxyphenyl 2-nitro- 
pheny! sulfone, 699 
2-Hydroxy-5-methylbenzaldehyde-3- 
sulfonic acid, 225 
2-Hydroxy-5-methylbenzene-1,3- 
disulfonanilide, 478 
4-Hydroxy-5-methylbenzene-1,3- 
disulfonanilide, 477, 
4-Hydroxy-6-methylbenzene-1,3-di- 
sulfonanilide, 477 
2-Hydroxy-5-methylbenzene-1,3-di- 
sulfonic acid, 397 
4-Hydroxy-6-methylbenzene-1,3- 
disulfonic acid, 397 
2-Hydroxy-5-methylbenzene-1,3- 
disulfonyl chloride, 460, 478 
4-Hydroxy-5-methylbenzene-1,3- 
disulfony! chloride, 477 
4-Hydroxy-6-methylbenzene-1,3- 
disulfony! chloride, 454, 477 
2-Hydroxy-5-methylbenzenesulfinic acid, 
699 
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2-Hydroxy-5-methylbenzenesulfonic 
acid, 391 
4-Hydroxy-2-methylbenzenesulfonic 
acid, 391, 406, 411 
4-Hydroxy-3-methy!benzenesulfonic 
acid, 391, 406, 411 
2-Hydroxy-5-methy!benzenesulfon-2- 
nitroanilide, 598 
2-Hydroxy-4-methylbenzenesulfony] 
chloride, 476 
2-(Hydroxymethyl)-benzenesulfonyl 
fluoride, 457 
Ilydroxymethylbenzenesulfonyl 
fluorides, 454, 455 
2-Ilydroxy-4+methylbenzene-1,3,5- 
trisulfonanilide, 478 
2-Ilvdroxy-4-met hylbenzene-] ,3,5- 
trisulfonyl chloride, 477, 478 
4-lI vdroxy-6-met hy]-5-nitrobenzene- 
1,3-disulfonanilide, 477 
4-Hydroxy-6-methyl-5-nit robenzene- 
1,3-disulfony! chloride, 477 
2-Hydroxy-5-methy!-3-nitrobenzene- 
sulfonamide, 477 
2-Hydroxy-5-methyl-3-nitrobenzene- 
sulfonanilide, 477 
4-ITydroxy-2-methy]-5-nitrobenzene- 
sulfonic acid, 411 
4-Hydroxy-3-met hy]-5-nitrobenzene- 
sulfonic acid, 411 
2-Hydroxy-5-methyl-3-nitrobenzene- 
sulfonyl chloride, 460, 477 
2-Hydroxy-3-methyl-5-(2-nitrophenyl- 
sulfonyl)-benzoic acid, 672 
2-Hydroxy-5-methylpheny] 2-nitro- 
pheny! sulfone, 698 
2-Hydroxy-5-methylphenyl 2-methoxy- 
5-methylpheny! sulfone, 695 
2-Hydroxy-5-methylphenyl 
2-nitropheny! sulfone, 699 
2-Hydroxy-2-methylpropanesulfonic 
acid, 173 
2-Hydroxy-3-methyl-5-sulfinylbenzoic 
acid, 672 
Hydroxymethy] 4-tolyl sulfone, 692, 734 
Hydroxynaphthalenesulfonic acids, see 
Naphtholsulfonic acids 
2-Hydroxy-1,4-naphthoquinone-3- 
sulfonic acid, 291 
2-(2-Hydroxy-1-naphthoxy)- 
naphthalene-1-sulfinic acid, 697 
2-(2-Hydroxy-1-naphthoxy)-1-naphthyl 
methyl sulfone, 697 
2-Hydroxy-1l-naphthyl 2-methoxy-1- 
naphthy! sulfone, 698 
2-Hydroxy-6-naphthyl methyl sulfone, 
694 
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2-Hydroxy-1l-naphthyl 4-(methyl- 
sulfonyl)-phenyl sulfone, 699 

2-Hydroxy-1-naphthyl 2-nitrophenyl 

* sulfone, 699 

1-Hydroxy-2-naphthyl phenyl sulfone, 
696 


2-Hydroxy-4-nitrobenzenesulfonic acid, 
411 
2-Hydroxy-5-nitrobenzenesulfonic 
396, 406 
3-Hydroxy-5-nitrobenzenesulfonic 
362 
4-Hydroxy-3-nitrobenzenesulfonic 
396, 397, 406, 411 
5-Hydroxy-2-nitrobenzenesulfonic 
362 
4-Hydroxy-3-nitrobenzenesulfonyl 
fluoride, 454 
a-Hydroxy-3-nit robenzyl 4-tolyl sulfone, 
692 
a-Hydroxy-4-nitrobenzyl 4-tolyl sulfone, 
692 
2-Hydroxy-3-nitro-5-sulfobenzoic acid, 
402 
3-Hydroxyoctane-l-sulfonic acid, 134 
2-Hydroxy-9, 10-phenanthrenequinone- 
sulfonic acid, 312 
2-Hydroxy-1-phenylaminonaphthalene- 
sulfonic acid, 300 
2-Hydroxy-5-phenylcarbamylbenzoic 
acid, 483 
4-Hydroxyphenyldiphenylmethane- 
sulfonic acid, 117 
2-Hydroxy-1,3-phenylene dibenzene- 
sulfonate, 540 
2-Hydroxyphenyl phenyl sulfone, 694, 
697 


acid, 
acid, 
acid, 


acid, 


4-Hydroxy-2’-phenylsulfonylazobenzene, 
703 
7-Hydroxy-3-phenylsulfonylcoumarin, 
710 
2-Hydroxyphenylsulfonyl-2-naphthyl- 
sulfonylacetonitrile, 715 
2-Hydroxy-3-phenylsulfonylquinoline, 
715 
4-(2-Hydroxyphenylthio)-benzene- 
sulfonanilide, 486 
4-(2-Hydroxyphenylthio)-benzene- 
sulfonyl chloride, 486 
2-Hydroxypheny] 4-tolyl sulfone, 695 
2-Hydroxypropane-1,3-disulfonic acid, 
135 
3-Hydroxypropane-1-sulfonic acid, 134 
2-Hydroxypropyl methyl sulfide, 758 
8-Hydroxypropy] 4-toluenesulfonate, 518 
Hydroxypyrenesulfonic acid, 313 
Hydroxypyridinesulfonic acid, 375 
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3-Hydroxypyridine-2-sulfonic acid, 321 
8-Hydroxyquinoline-5-sulfonic acid, 321 
6-Hydroxysaccharin, 634 
10-Hydroxystearic acid hydrogen sulfate, 
38 
2-Hydroxystyryl! aryl sulfones, 727 
2-Hydroxystyryl phenyl] sulfone, 710 
8-Hydroxy-8’-sulfoadipic acid lactone, 
154 


2-Hydroxy-5-sulfobenzoic acid, 402 
3-Hydroxy-4-sulfobenzoic acid, 239 
4-Hydroxy-3-sulfobenzoic acid, 241, 402 
Hydroxysulfobenzoic acids, 397, 427 
Hydroxysulfonaphthalenecarboxylic 
acids, reaction with alkali, 431 
3-Hydroxysulfo-1,8-naphthalic acid, 291 
Hydroxysulfonaphthoic acids, 290, 291 
2-Hydroxy-3-(4-toluenesulfonyl)- 
quinoline, 715 
1-Hydroxy-4-(4-tolylamino)-anthra- 
quinone-2-sulfonic acid, 310 
7-Hydroxy-3-(4-tolylsulfonyl)- 
coumarin, 710 
3-Hydroxy-2,4,6-tribromobenzene- 
sulfonic acid, 402 
3-Hydroxy-2,4,6-trinitrobenzene- 
sulfonic acid, 411 
3-Hydroxy-2,4,6-trinitrobenzenesulfonyl 
chloride, 476 
3-Hydroxy-2,4,6-trisulfobenzoic acid, 
241, 430 


I 


Idryldisulfonic acid, 313 
Igepon-T, 122 
Imidazolesulfonic acid, 323 
Imidazole-2-sulfonic acid, 367 
Indan-4-sulfonamide, 484 
Indan-5-sulfonamide, 484 
Indan-5-sulfonic acid, 423 
Indan-4-sulfonyl chloride, 484 
Indan-5-sulfonyl chloride, 484 
Indigo-5,5’-disulfonic acid, 319 
Indigo-5-sulfonic acid, 319 
Indigo-5,5’,7,7'-tetrasulfonic acid, 319 
Indigotrisulfonic acid, 319 
B-Indyl sulfone, 724 
5-Iodobenzene-1,3-disulfonic acid, 424 
2-Iodobenzenesulfinic acid, 669 
4-Iodobenzenesulfinic acid, 669 
TIodobenzenesulfonamides, 463 
4-Iodobenzenesulfonanilide, 463 
2-Iodobenzenesulfonic acid, 374 
3-Iodobenzenesulfonic acid, 374, 424 
4-Iodobenzenesulfonic acid, 215, 374 
399, 408, 426 


828 


2-Iodobenzenesulfonyl chloride, 463 
3-Iodobenzenesulfonyl chloride, 463 
4-Iodobenzenesulfony] chloride, 461, 463, 
674, 675 
3-Iodobenzenesulfony! fluoride, 457 
2-Iodo-4,6-dinitropheny] benzene- 
sulfonate, 543 
Jodomesitylenesulfonie acid, 221 
Iodomethanedisulfonic acid, 163 
JIodomethanesulfonic acid, 108 
3-Iodo-4-methoxybenzenesulfony] 
fluoride, 457 
2-Iodo-5-methylbenzene-1,3- 
disulfonamide, 471 
2-Iodo-5-met hylbenzene-1,3-disulfonic 
acid, 372, 374 
2-Iodo-5-methylbenzene-1 ,3-disulfonyl 
chloride, 471 
2-Iodo-5-methylbenzenesulfonamide, 469 
5-Iodo-2-methylbenzenesulfonamide, 469 
Iodomethylbenzenesulfonic acids, 218, 
374 
Iodomethylbenzenesulfony] chlorides, 
469 
3-Iodo-4-methylbenzenesulfony] fluoride, 
457 
Todomethy] pheny] sulfone, 667, 689 
Todomethy] 4-toly] sulfone, 670 
Todonaphthalenesulfonamides, 488 
1-Iodonaphthalene-4-sulfonanilide, 488 
1-Iodonaphthalene-8-sulfonanilide, 488 
Jodonaphthalenesulfonic acids, 281, 374 
Iodonaphthalenesulfony] chlorides, 488 
2-Iodo-5-nitrobenzenesulfonyl chloride, 
464 
4-Iodopheny! benzenesulfonate, 540 
2-Iodopheny] methy] sulfide, 663 
4-Iodopheny] methy] sulfide, 461 
2-Iodopheny! methy] sulfone, 663, 669 
4-Iodopheny! 2-nitrobenzy] sulfone, 669 
4-Iodopheny! 4-nitrobenzy] sulfone, 669 
4-Iodopheny] pheny] sulfide, 664 
4-Iodopheny] pheny] sulfone, 664, 675 
4-Iodophenylsulfonylacetamide, 718 
4-Iodophenylsulfonylacetonitrile, 712 
a-(4-Iodophenylsulfonyl)-dibenzyl- 
acetonitrile, 714 
a-(4-Iodophenylsulfony])-propionamide, 
718 
a-(4-Iodophenylsulfony])-propionitrile, 
713 
2-Iodophenyl 4toluenesulfonate, 
555 
4-Iodopheny] 4-toluenesulfonate, 542 
4-Iodopheny] 4toly] sulfone, 675 
N-Iodosaccharin, 627 
2-Iodothiophene-3,5-disulfonic acid, 318 


542, 
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2-Iodothiophene-5-sulfony] chloride, 318 

4-Iodotoluene-3,5-disulfonic acid, 372, 
374 

2-Iodotoluenesulfonic acid, 218 

4-Todotoluene-2-sulfonic acid, 218, 374 

4-Iodotoluene-3-sulfonic acid, 218 

w-TIodotoluenesulfonyl fluoride, 457 

3-Iodo-2,4,6-trimethylbenzene- 
sulfonamide, 474 

3-Iodo-2,4,6-trimethylbenzenesulfonic 
acid, 220 

5-Iodo-1,2,4-trimethylbenzenesulfonic 
acid, 219 

3-Iodo-2,4,6-trimethylbenzenesulfony] 
chloride, 474 

Tonenesulfonic acid, 209 

Isatin-5-sulfonic acid, 319 

Isethionic acid, 33, 133, 148 

preparation of, 130 
reactions of, 132 

2-Isoamoxy-3-isopropy]-6-methy]- 
benzenesulfonic acid, 238 

4-Isoamoxy-5-isopropyl-2-methy]- 
benzenesulfonic acid, 238 

Isoamy] benzenesulfonate, 528 

Isoamy] hydrogen sulfate, 15, 16, 18 

Tsoamylmethylbenzenesulfonic acid, 211 

Tsoamy] 4-nitrobenzy] sulfide, 662 

Isoamy] 4-nitrobenzy] sulfone, 662 

Isoamy] 4-nitropheny] sulfide, 663 

Tsoamy] 4-nitropheny] sulfone, 663 

Isoamyl phenyl benzylidene disulfone, 
736 : 

Isoamy] phenyl ethylidene disulfone, 738 

Tsoamy] phenyl methylene disulfide, 736 

Tsoamy] pheny] methylene disulfone, 736 

Isoamy] pheny] sulfide, 662 

Isoamyl] pheny] sulfone, 662, 668 

Isoamy] N-(phenylsulfonylacetyl)- 
carbamate, 720 

Isoamy] potassium sulfate, 668 

Isoamy] sulfate, 69, 73 

Tsoamy] sulfide, 17 

Tsoamy] sulfone, 661 

4-Isoamylsulfonylphenylhydrazine, 687 

Isoamylsulfonylphenylsulfonylmethane, 
736 

w-(Isoam ylsulfony])-w-(phenylsulfony!)- 
toluene, 736 

Isoamy] sulfoxide, 661 

Isoamy] 4-toluenesulfonate, 517 

4-Isoamyltoluenesulfonic acid, 211 

Isoamy] N-(4-tolylsulfonylacety])- 
carbamate, 720 

Isobutyl ammonium sulfate, 18 

Isobutyl benzenesulfonate, 528 

Isobuty] chlorosulfonate, 34 


INDEX 


Isobutylene-«,y-disulfonic acid, 174 
Isobutyl hydrogen sulfate, 15, 16, 17, 18, 
34 


Isobuty] 4-nitropheny] sulfide, 663 
Isobutyl 4-nitropheny] sulfone, 663 
Isobutyl N-(phenylsulfonylacetyl)- 
carbamate, 720 
Isobutyl sulfate, 69 
Isobutyl sulfone, 661 
4-Isobutylsulfonylphenylhydrazine, 687 
Isobuty] sulfoxide, 661 
Isobutyl 4-toluenesulfonate, 517 
Isobutyl 2-tolyl sulfone, 669 
Isobutyl N-(4-tolylsulfonylacetyl)- 
carbamate, 720 
N*-Isobutyrylsulfanilamide, 479 
N-Isobutyrylsulfanilyl chloride, 479 
Isodurenesulfonie acid, 212 
Isoprene sulfone, 729, 730 
4-Isopropylbenzenesulfonamide, 467 
Isopropyl benzenesulfonate, 516 
4-Isopropylbenzenesulfonyl chloride, 467 
4-Isopropylbenzylidene-6-naphthyl- 
sulfonylacetonitrile, 715 
4-Isopropylbenzylidenepheny|sulfonyl- 
acetonitrile, 715 
Tsopropy! 5-bromonaphthalene-1- 
sulfonate, 521 
Isopropyl hydrogen sulfate, 35 
Isopropylidene bis-hydrogen sulfate, 41 
Isopropylidene o-xylylene disulfide, 737 
Isopropylidene o-xylylene disulfone, 737 
Isopropyl 5-iodonaphthalene-1- 
sulfonate, 521 
Isopropylmethoxymethylbenzene- 
sulfonic acids, 238 
2-Isopropyl]-5-met hylaniline-4-sulfonic 
acid, 213 
4-Isopropyl-2-methylanilinesulfonic 
acid, 253 
Isopropylmeth ylbenzenesulfonamides, 
472, 473 
2-Isopropyl-4-methylbenzenesulfonic 
acid, 210 
2-Isopropyl-5-methylbenzenesulfonic 
acid, 210 
4-Isopropyl-2-methylbenzenesulfonic 
acid, 210, 394, 400 
5-Isopropyl-2-methylbenzenesulfonic 
acid, 400, 409, 422, 439 
Isopropylmethylbenzenesulfonyl 
chlorides, 210, 472, 473 
3-Isopropyl-6-methylbenzophenone 
sulfonic acid, 262 
5-Isopropyl-2-methylbiphenylsulfon- 
anilide, 485 
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5-Isopropyl-2-methylbiphenylsulfony] 
chloride, 485 
5-Isopropyl-2-methyldiphenylmethane- 
. 4’-sulfonanilide, 486 
5-Isopropyl-2-methyldiphenylmethane- 
4’-sulfonyl chloride, 486 
5-Isopropy]-2-methyl-3-nitrobenzene- 
sulfonamide, 473 
5-Isopropyl-2-methyl-3-nitrobenzene- 
sulfonyl chloride, 473 
7-Isopropyl-1-methylphenanthrene- 
6-sulfonamide, 495 
7-Isopropyl-1-methylphenanthrene- 
2-sulfonic acid, 312 
7-Isopropyl-1-methylphenanthrene- 
6-sulfonic acid, 311 
7-Isopropyl-1-methylphenanthrene- 
6-sulfonyl chloride, 495 
Isopropylmethylphenolsulfonic acids, 
237 
2-Isopropyl-5-methylphenyl benzene- 
sulfonate, 541 
5-Isopropyl-2-methylpheny] benzene- 
sulfonate, 541 
2-Isopropyl-5-methylpheny! 4-bromo- 
benzenesulfonate, 546 
4-Isopropyl-1-methy]-2-n-propy]- 
benzenesulfonic acid, 212 
2-Isopropylnaphthalene-1-sulfonamide, 
490 


Isopropylnaphthalenesulfonic acid, 275 

2-Isopropylnaphthalene-1-sulfonyl 
chloride, 490 

Isopropyl 3-nitrophenyl sulfone, 685 

Isopropyl] phenyl sulfide, 663 

Isopropyl phenyl sulfone, 663, 678 

4-Isopropyl-1-n-propy]benzenesulfonic 
acid, 211 

Isopropyl sulfate, 67, 68, 73 

Isopropyl sulfone, 661 

4-Isopropylsulfonylphenylhydrazine, 687 

Isopropylsulfosuccinic acid, 157 

Isopropy] sulfoxide, 661 

Isopropyl 4-toluenesulfonate, 517 

Isopropyl 2-tolyl sulfone, 669 

N-Isovalerylsulfanilyl chloride, 479 


J 
Jacobsen Reaction, 197, 212 


K 


2-Ketobenzopyrone-3,6-disulfonic acid, 
316 

2-Ketobenzopyrone-6-sulfonic acid, 316 

Ketodisulfones, 750 
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Ketone bisulfites, 126 
a-Ketosulfones, 721 
+-Ketosulfones, 724 


L 


Laurylbenzenesulfonic acid, 206 
Lauryl hydrogen sulfate, 8, 13, 14 
n-Lauryl sulfate, 73 
di-Leucyltaurine, 123 
Ligninsulfonic acids, 356 

Lignin 4-toluenesulfonate, 532 


M 


Menthyl benzenesulfonate, 516, 526, 530 
Menthyl hydrogen sulfate, 40 
l-Menthyl naphthalene-l-sulfonate, 520 
l-Menthyl naphthalene-2-sulfonate, 521 
Menthy! naphthalenesulfonates, 526 
l-Menthyl nitrobenzenesulfonates, 517 
Menthyl pheny] sulfide, 662 
Menthyl pheny] sulfone, 662 
l-Menthy! 2-toluenesulfonate, 517 
l-Menthyl! 4-toluenesulfonate, 519 
reactions of, 529, 532, 534, 538 
Mesitylenedisulfonic acid, 400, 429 
Mesitylenedisulfonyl chloride, 211 
Mesitylenesulfonamide, 634 
Mesitylenesulfonanilide, 389, 584 
Mesitylenesulfonic acid, bromination of, 
400 
chlorination of, 394 
hydrolysis of, 388 
nitration of, 408 
preparation of, 211 
reaction with alkali, 423 
reaction with aromatic hydrocarbons, 
677 
Mesitylenesulfon-N-methylanilide, 584 
Mesitylenesulfonyl chloride, 675 
Mesitylenesulfony! fluoride, 211, 454 
Mesityl phenyl sulfone, 677: 
Mesityl sulfone, 675 
Metanilic acid, bromination of, 405 
chlorination of, 398 
conversion to azide, 375 
hydrolysis of, 393 
nitration of, 412 
reaction with alkali, 427 
sulfonation of, 248 
Methanedisulfonamide, 160 
Methanedisulfonanilide, 160 
Methanedisulfon-N-ethylphenylamide, 
161 
Methanedisulfonic acid, 157, 280 
Methanedisulfony! chloride, 157, 159 


INDEX 


Methanesulfinic acid, 668, 672, 684 
Methanesulfonamide, 102, 104, 105 
Methanesulfonanilide, 102, 593 
Methanesulfonarylamides, 581 
Methanesulfonic acid, 103 
from a methyl sulfone, 702 
from methanesulfinic acid, 99 
oxidation of, 103 
physical properties, 99, 103 
preparation of, 58, 98 
reaction with sodium hydroxide, 101 
Mcethanesulfonic anhydride, 104 
Methanesulfonyl chloride, preparation 
of, 104 
physical properties, 102 
reaction with aromatic amines, 105 
reaction with benzene, 104, 675 
reaction with silver salts, 104 
Methanesulfonyl fluoride, 104 
Methancsulfonyl isocyanate, 104 
Methanethiol, 16, 20 
Methanetrisulfonic acid, 163, 169, 170 
Methion-N-ethylphenylamide, 161 
Methionic acid, 98, 157; see also 
Methanedisulfonic acid 
Methionine S-dioxide, 711 
a-(4-Methoxybenzeneazo)-a-(4-bromo- 
phenylsulfonyl)-propionitrile, 717 
a-(4-Methoxybenzeneazo)-a-naphthyl- 
sulfonylacetonitrile, 717 
a-(4-Methoxybenzeneazo)- 
a-phenylsulfonylpropionitrile, 717 
4-Methoxybenzene-1,3-disulfonamide, 
477 
4-Methoxybenzene-1,3-disulfonanilide, 
477 
4-Methoxybenzene-1,3-disulfonyl 
chloride, 477 
2-Methoxybenzenesulfinic acid, 366, 694, 
750 
4-Methoxybenzenesulfinic acid, 366, 672 
Methoxybenzenesulfonamides, 475, 476 
2-Methoxybenzenesulfonanilide, 475 
4-Methoxybenzenesulfonanilide, 476 
2-Methoxybenzenesulfonic acid, 366, 368 
4-Methoxybenzenesulfonic acid, 366, 402 
2-Methoxybenzenesulfonyl chloride, 475 
3-Methoxybenzenesulfonyl chloride, 475 
4-Methoxybenzenesulfonyl chloride, 476 
3-Methoxybenzisothiazole 1-dioxide, 625 
2-Methoxy-4,6-dinitrophenyl 4-toluene- 
sulfonate, 544 
4-Methoxy-6-methylbenzene- 
1,3-disulfonamide, 477 
4-Methoxy-6-methylbenzene- 
1,3-disulfonic acid, 238 


INDEX 


4-Methoxy-6-methylbenzene- 
1,3-disulfonyl chloride, 411, 477 
Methoxymethylbenzenesulfonamides, 
476 
Methoxymcthylbenzenesulfonanilides, 
476 
2-Methoxy-5-methylbenzenesulfonic 
acid, 238, 366, 376 
4-Methoxy-2-methylbenzenesulfonic 
acid, 238, 376, 402 
4-Mcthoxy-3-methylbenzenesulfonic 
acid, 238, 376, 402 
Methoxymethylbenzenesulfonyl 
chlorides, 238, 476 
4-Methoxy-3-methylbenzenesulfonyl 
chloride, 237, 476, 675 
5-Methoxy-4-methyl-6-nit robenzene- 
1,3-disulfonamide, 477 
4-Met hoxy-6-methyl-5-nitrobenzene- 
1,3-disulfonyl chloride, 411 
5-Methoxy-4-methyl-6-nitrobenzene- 
1,3-disulfonyl chloride, 477 
2-Met hoxy-4-methylphenolsulfonic acid, 
243 
2-Mcthoxy-4-methylpheny] benzenc- 
sulfonate, 541 
4-Methoxy-3-methylphenyl 4-methoxy- 
phenyl sulfone, 675 
4-Met hoxy-3-methylphenyl phenyl 
sulfone, 675 
2-Methoxy-5-methylpheny] 4-tolyl 
sulfone, 675 
2-Methoxynaphthalene-1,6-disulfonic 
acid, 289 
2-Methoxynaphthalene-3-sulfinic acid, 
696 
Methoxynaphthalenesulfonamides, 489 
Methoxynaphthalenesulfonanilides, 489 
1-Methoxynaphthalene-4-sulfonic acid, 
412 
2-Met hoxynaphthalene-6-sulfonic acid, 
289 
2-Methoxynaphthalene-8-sulfonic acid, 
289 
Mcthoxynaphthalenesulfonyl chlorides, 
489 
2-(2-Methoxy-1-naphthoxy)-1-naphthyl 
methyl sulfone, 697 
4-Methoxy-3-nitrobenzenesulfonamide, 
476 
4-Methoxy-3-nitrobenzenesulfonic acid, 
240 
4-Methoxy-3-nitrobenzenesulfonyl 
chloride, 411, 476 
4-Methoxy-6-nitro-3-(3-nitrobenz- 
amido)-benzenesulfony! chloride, 
480 
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5-Methoxy-2-nitrophenyl methyl 
sulfone, 679 
5-Methoxy-2-nitrophenylsulfonylacetic 
acid, 679 
2-Methoxy-5-nitrophenyl 4-toluene- 
sulfonate, 544 
2-Methoxy-1,3-phenylene dibenzene- 
sulfonate, 540 
2-Methoxypheny! methyl sulfone, 694 
4-Methoxyphenyl 2-nitrophenyl sulfone, 
672 
2-Methoxyphenylsulfonylacetone, 721 
4-Methoxyphenylsulfonylacetone, 721 
2-Methoxyphenylsulfonylacetonitrile, 
712 
4-Methoxy phenylsulfonylacetonitrile, 
712 
w-(2-Methoxyphenylsulfonyl)-aceto- 
phenone, 721 
w-(4-Methoxyphenylsulfonyl)-aceto- 
phenone, 721 
2-(2-Mcthoxyphenylsulfonyl)-benzene- 
sulfinic acid, 461 
2-(2-Methoxyphenylsulfonyl)-benzene- 
sulfonyl chloride, 461 
a-(2-Methoxyphenylsulfony!)-dibenzy]- 
acetonitrile, 714 
a-(4-Methoxyphenylsulfonyl)-dibenzyl- 
acetonitrile, 714 
2-Methoxyphenylsulfonyldiethylaceto- 
nitrile, 714 
3-(2-Methoxyphenylsulfonyl)- 
2-(2-methoxyphenylsulfonyl- 
methyl)-quinoline, 752 
3-(2-Methoxyphenylsulfonyl)- 
2-(4-methoxyphenylsulfonyl- 
methyl)-quinoline, 751 
a-(2-Methoxyphenylsulfonyl)-y-(4-tolyl- 
sulfony]l)-acetone, 750, 752 
a-(4-Methoxyphenylsulfonyl)- 
+-(4-tolylsulfonyl)-acetone, 750, 752 
3-(2-Methoxyphenylsulfonyl)-2-(4-tolyl- 
sulfonylmethyl)-quinoline, 752 
2-Methoxy-5-n-propylbenzenesulfon- 
amide, 477 
2-Methoxy-5-n-propylbenzenesulfonic 
acid, 238 
2-Methoxy-5-n-propylbenzenesulfonyl 
chloride, 477 
5-Methoxysaccharin, 634 
7-Methoxysaccharin, 634 
2-Methoxy-4-sulfamylbenzoic acid, 483 
4-Methoxy-3-sulfobenzoic acid, 241, 428 
5-Methoxy-2-sulfobenzoic acid, 402 
2-Methoxythiophenol, 751 
1-Methoxy-4-(4-toluenesulfonamido)- 
thioxanthone, 578 
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3-Methoxy-2,4,6-tribromobenzenesulfon- 
amide, 476 
3-Methoxy-2,4,6-tribromobenzene- 
sulfonanilide, 476 
3-Methoxy-2,4,6-tribromobenzene- 
sulfonyl! chloride, 476 
2-Methoxytriphenylcarbinol-4-sulfonic 
acid, 266 
Methy! acenaphthene-3-sulfonate, 522 
2-(N-Methylacetamido)-naphthalene- 
6-sulfonamide, 489 
2-(N-Methylacetamido)-naphthalene- 
6-sulfony] chloride, 489 
Methy] acetoxybenzenesulfonate, 517 
Methy] 4-acetoxy-3-carbomethoxyoxy- 
benzenesulfonate, 517 
Methy] acetoxymethanesulfonate, 23, 59 
Methy! 4-acetoxy-3-methylbenzene- 
sulfonate, 520 
Mcethylacridinetetrasulfonie acid, 322 
Methylallylmethanedisulfonie acid, 166 
2-Methylaminobenzenesulfonic acid, 250 
Methylaminobutane-1,4-disulfonic acid, 
125 
Methy! 4-amino-3-hydroxy-6-sulfo- 
benzoate, 257 
3-Methylamino-4-methylbenzenesulfonic 
acid, 252 
4-Methylamino-3-methylbenzenesulfonic 
acid, 252 
2-Methylamino-4-methylpheny! 
2-nitropheny] sulfone, 704 
2-Methylamino-5-methylpheny! 
2-nitropheny] sulfone, 706 
4-Methylaniline-2,6-disulfonic acid, 391 
N-Methylaniline-3-sulfonic acid, 249 
N-Methylaniline-4-sulfonic acid, 249 
Methy] 4-anisolesulfonate, 515, 517, 532 
Methyl anthracene-2-sulfonate, 522 
Methylanthraquinonedisulfonic acid, 
306, 364, 396 
2-Methylanthraquinone-1-sulfonanilide, 
495 
Methy] anthraquinone-2-sulfonate, 522 
2-Methylanthraquinone-1-sulfonic acid, 
364 
2-Methylanthraquinone-4-sulfonic acid, 
366, 396 
2-Methylanthraquinone-1-sulfonyl 
chloride, 495 
5-Methylbenzaldehyde-2-sulfonic acid, 
225 
2-(N-Methylbenzamido)-naphthalene- 
6-sulfonamide, 489 
2-(N-Methylbenzamido)-naphthalene- 
6-sulfony] chloride, 489 
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Methyl] benzenesulfonate, distillation of, 
525 
hydrolysis of, 526 
preparation of, 22, 516 
reaction with alcohols, 528 
reaction with Grignard reagents, 534 
reaction with phenylmethyl- 
pyrazolone, 532 
reaction with theobromine, 532 
Methy! benzenethiosulfonate, 673 
2-Methylbenzisothiazole, 625 
4-Methylbenzophenone-2’-sulfonie acid, 
430 
Methyl 4-benzoxybenzenesulfonate, 517 
Methyl! 4-benzoxy-3-methylbenzene- 
sulfonate, 520 
Methy! 5-benzoxy-2-methylbenzene- 
sulfonate, 520 
4-Methylbenzy] 2-nitropheny] sulfone, 
679 
4-Methylbenzy] sulfone, 662 
Methyl] biphenyl-3,3’-disulfonate, 520 
3-Methylbipheny]-4-sulfonic acid, 259 
4-Methylbiphenyl-2’-sulfonic acid, 259 
Methyl 4-bromobenzenesulfonate, 516 
Methyl] 3-bromo-2-hydroxy-5-methyl- 
benzenesulfonate, 519 
Methyl] 5-bromo-4-hydroxy-3-methy]- 
benzenesulfonate, 520, 538 
Methy! 5-bromonaphthalene-1-sulfonate, 
521 
Methy] 9-bromophenanthrene- 
3-sulfonate, 522 
Methy! 10-bromophenanthrene- 
3-sulfonate, 522 
Methyl! 4-bromopheny! sulfone, 683 
3-Methylbutane-1-sulfonamide, 102 
3-Methylbutane-1-sulfonanilide, 102 
2-Methylbutane-2-sulfonic acid, 97 
3-Methylbutane-1-sulfonic acid, 99, 101, 
102 
3-Methylbutane-1-sulfonyl chloride, 102 
4-(1-Methylbuty])-benzenesulfonamide, 
467 
4-(1-Methylbutyl)-benzenesulfon- 
anilide, 467 
4-(1-Methylbutyl)-benzenesulfony! 
chloride, 467 
1-Methylbutyl 4-toluenesulfonate, 537 
Methyl] 3-camphorsulfonate, 22 
9-Methylcarbazole-3-sulfonic acid, 320 
Methy] 2-carbethoxybenzenesulfonate, 
520 
Methy] 4-carbethoxybenzenesulfonate, 
520 
Methy] 2-carbethoxy-5-nitrobenzene- 
sulfonate, 520 
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Methy] 2-carbomethoxybenzene- 
sulfonate, 520 

Methyl 3-carbomethoxybenzene- 
sulfonate, 520 

Methyl] 2-carbomethoxy-4-methyl- 
5-nitrobenzenesulfonate, 520 

Methyl 4-carbomethoxy-2-methyl- 
5-nitrobenzenesulfonate, 520 

Methyl] 4-carbomethoxy-3-nitrobenzene- 
sulfonate, 520 

Methy] 3-carbomethoxyoxy-4-hydroxy- 
benzenesulfonate, 517 

Methy] 3-carboxybenzenesulfonate, 520 

Methyl 4-carboxybenzenesulfonate, 520 

Methyl] 4-carboxy-3-nitrobenzene- 
sulfonate, 520 

4-Methylcatecholsulfonic acid, 243 

Methyl] 4-chlorobenzenesulfonate, 22, 
516 

Methyl] chloronaphthalenesulfonates, 
521 

Methy] 4-chloro 2-nitrophenyl! sulfone, 
669 

Methyl 9-chlorophenanthrene- 
3-sulfonate, 522 

Methyl 4-chloropheny! sulfone, 746 

Methyl] chlorosulfonate, 19, 21, 22, 23, 
50, 59 

Methy! chlorosulfonylsalicylate, 239 

4-Methylcoumarin-6-sulfonic acid, 317 

3-Methyleyclohexanesulfonic acid, 99 

2-Methyleyclohexyl 4-toluenesulfonate, 
518 

3-Methylcyclohexyl 4-toluenesulfonate, 
519 

3-Methylcyclopentylbenzenesulfonic 
acid, 206 

Methy] 2,5-dibromobenzenesulfonate, 
516 

Methy] 3,5-dibromo-4-hydroxybenzene- 
sulfonate, 517 

Methyl-2,3-dibromopropylmethane- 
disulfonic acid, 166 

Methyl] 2,5-dichlorobenzenesulfonate, 
516 

Methyl 4,7-dichloronaphthalene- 
I-sulfonate, 521 

2-Methyl-4,5-dihydrodithiole tetroxide, 
744 

Methy] diiodobenzenesulfonates, 516 

Methy] 4-(dimethylamino)-azobenzene- 
sulfonate, 517 

Methy] (dimethylamino)-benzene- 
sulfonates, 517 

Methyl-3,5-disulfobenzoic acids, 228, 429 

Methylene sulfate, 39, 62, 71, 72, 73 

Methylene thiocyanate, 157 
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Methylene trithiocarbonate, 157 

Methy! ethanesulfonate, 111 

Methy! 5-fluoronaphthalene- 
1-sulfonate, 521 

Methy! fluorosulfonate, 21 

2-Methylglyoxaline-5-sulfonie acid, 
406 


Methyl] glyoxime-sodium bisulfite, 130 
1-Methylhepty! 4-toluenesulfonate 518 
Methyl] hydrogen sulfate, 18 
aniline salt of, 20 
hydrolysis of, 20 
methylammonium salt, 20 
pyrolysis of, 17 
pyrolysis of salts of, 17, 18, 57 
rate of formation, 18 
reaction with methyl chloroformate, 50 
reaction with potassium sulfate, 16 
reaction with sodium nitrite, 15 
salts of, 19 
sodium salt, 
reaction with potassium sulfide, 16 
Methylhydroquinonesulfonic acid, 354 
Methyl 4-hydroxy-3-methylbenzene- 
sulfonate, 519, 538 
Methyl 5-hydroxy-2-methylbenzene- 
sulfonate, 520 
5-Methyl-2-hydroxypheny] 4-nitro- 
pheny] sulfone, 699 
2-Methyl-2-hydroxypropane-1-sulfonic 
acid, 133 
2-Methylimidazolesulfonic acid, 323 
Methyl 4-iodobenzenesulfonaie, 516 
Methy] 5-iodonaphthalene-1-sulfonate, 
521 
2-Methyl-5-isopropylbenzophenone- 
sulfonic acid, 262 
3-Methylisoxazole-4-sulfony] chloride, 
323 
5-Methylisoxazole-4-sulfony] chloride 
323 
Methyl mercaptan, 16, 20 
Methyl] mcthanesulfonate, 105 
4-Methyl-7-methoxycoumarin- 
6-sulfonic acid, 317 
Methy! 4-methoxy-3-methylbenzene- 
sulfonate, 520 
Methyl_5-methoxy-2-methylbenzene- 
sulfonate, 520 
Methyl 4-methoxy-3-nitrobenzene- 
sulfonate, 517 
3-Methyl-4-methoxypheny] 5-methyl- 
2-methoxypheny] sulfone, 675 
Methyl 4-methylaminoazobenzene- 
sulfonate, 517 
4-Methyl-3-methylaminobenzene- 
sulfony! chloride, 480 
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3-Methy]-4-methylenethia- 
2-cyclopentene-1,1-dioxide, 731 
Methy]! 4-methyl-2-nitrophenyl sulfone, 
679 
Methy! naphthalene-1,5-disulfonate, 522 
Methy]lnaphthalenesulfonamides, 490 
Methy|naphthalenesulfonanilides, 490 
Methy] naphthalene-1-sulfonate, 22, 520 
Methy] naphthalene-2-sulfonate, 521 
MethyInaphthalenesulfonic acids, 275, 
388, 431 
Methylnaphthalenesulfony! chlorides, 
490 
N-Methyl-1-naphthylamine- 
2,4-disulfonic acid, 298 
4-Methyl-1-naphthylamine-3-sulfonic 
acid, 298 
4-Methyl]-1-naphthylamine-6-sulfonic 
acid, 298 
N-Methyl-1-naphthylaminesulfonic 
acids, 298 
Methyl] 1-naphthy] sulfone, 670 
Methy! 2-naphthy! sulfone, 670 
4-Methyl-3-nitroaniline-6-sulfonic acid, 
254 
2-Methyl-5-nitrobenzene-1,3-disulfonic 
acid, 409 
Methylnitrobenzenesulfonamides, 469, 
608 
Methylnitrobenzenesulfonanilides, 469, 
592, 594 
4- Methyl-3-nitrobenzenesulfonanisidide, 
594 
2-Methy]-5-nitrobenzenesulfon- 
4-chloroanilide, 592 
4-Methy]-3-nitrobenzenesulfon- 
4-chloroanilide, 592 
2-Methy]-5-nitrobenzenesulfon-2-chloro- 
4-methy lanilide, 592 
4-Methy]-3-nitrobenzenesulfon-4-chloro- 
2-methylanilide, 592 
2-Methy]-5-nitrobenzenesulfon-4-chloro- 
1-naphthylamide, 592 
4-Methyl-3-nitrobenzenesulfon- 
2,3-dinitro-4-ethoxyanilide, 594 
4-Methyl-3-nitrobenzenesulfon- 
2,6-dinitro-4-ethoxyanilide, 594 
4-Methy]-3-nitrobenzenesulfon-dinitro- 
4-methoxyanilides, 594 
4-Methyl-3-nitrobenzenesulfon- 
4-ethoxy-2-nitroanilide, 594 
4-Methy]-3-nitrobenzenesulfon- 
4-ethoxy-2,3,6-trinitroanilide, 594 
2-Methy]-5-nitrobenzenesulfonic acid, 
395, 408, 420 
4-Methyl-3-nitrobenzenesulfonic acid, 
408, 420 
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4-Methyl-3-nitrobenzenesulfon- 
4-methoxy-2-nitroanilide, 594 
2-Methyl-5-nitrobenzenesulfon- 
4-methy]-2-nitroanilide, 594 
2-Methyl-5-nitrobenzenesulfon- 
a-naphthylamide, 592 
4-Methyl-3-nitrobenzenesulfon- 
a-naphthylamide, 592 
2-MethyI]-5-nitrobenzenesulfon-4-nitro- 
anilide, 594 
4-Methyl-3-nitrobenzenesulfon- 
p-phenetidide, 594 
2-Methyl-5-nitrobenzenesulfon- 
o-toluidide, 592 
4-Methy]l-3-nitrobenzenesulfon- 
o-toluidide, 592 
2-Methyl-5-nitrobenzenesulfon- 
p-toluidide, 592, 594 
N-Methyl-3-nitrobenzenesulfon-2,3,6- 
trinitro-4-methoxynnilide, 594 
2-Methyl-3-nitrobenzenesulfony] 
chloride, 469 
2-Methy]-5-nitrobenzenesulfonyl 
chloride, 469, 675 
3-Methyl-2-nitrobenzenesulfony] 
chloride, 469 
3-Methy]-4-nitrobenzenesulfony] 
chloride, 469 
4-Methy]-2-nitrobenzenesulfony] 
chloride, 461, 469 
4-Methy]-3-nitrobenzenesulfony] 
chloride, 469, 499, 675 
4-Methy]-3’-nitrobenzophenonesulfonic 
acid, 262 
Methylnitrobenzyl sulfones, 685 
9-Methy]-3-nitrocarbazolesulfonic acid, 
320 
1-Methy]-5-nitronaphthalene-4-sulfon- 
amide, 490 
1-Methy]-5-nitronaphthalene-4-sulfon- 
anilide, 490 
Methyl! nitronaphthalenesulfonates, 521 
Methylnitronaphthalenesulfony] 
chlorides, 490 
Methy] 2-nitro-1-naphthy] sulfone, 679 
4-Methy]-6-nitro-3-(3-nitrobenzamido)- 
benzenesulfonyl chloride, 480 
Methylnitrophenolsulfonic acids, 240 
5-Methy]-2-(2-nitrophenoxy)-benzene- 
.. Bulfinic acid, 698 
5-Methy]-2-(2-nitrophenoxy )-benzene- 
sulfonamide, 598 
5-Methyl-2-(2-nitrophenoxy)-benzene- 
sulfonanilide, 485 
5-Methyl-2-(2-nitrophenoxy )-benzene- 
sulfonic acid, 698 
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5-Methyl-2-(2-nitrophenoxy)-benzene- 
sulfonyl chloride, 485 
2-(N-Methy]-o-nitrophenylamino)-5- 
methylbenzenesulfinic acid, 706 
2-Methyl]-5-nitrophenyl benzene- 
sulfonate, 554 
2-Methy]-5-nitro-4-phenylearbamyl]- 
benzenesulfonamide, 482 
4-Methy]-5-nitro-2-phenylcarbamyl- 
benzenesulfonanilide, 482 
2-Methyl-4-nitrophenyl 4-methyl-3- 
nitrobenzenesulfonate, 549 
4-Methyl]-2-nitropheny] 4-nitrobenzene- 
sulfonate, 548 
4-Methy]-3-nitropheny] 4-nitrobenzene- 
sulfonate, 548 
2-Methyl-4-nitrophenyl phenyl sulfide, 
665 
2-Methvl-4-nitrophenyl phenyl sulfone, 
665 
2-Methyl-5-nitrophenyl phenyl sulfone, 
675 
4-Methyl-3-nitrophenyl phenyl sulfone, 
687 
Methyl] 2-nitrophenyl sulfide, 663 
Methyl 4-nitrophenyl sulfide, 663 
Methyl 2-nitropheny] sulfone, 663, 669, 
679 
Methyl 3-nitrophenyl sulfone, 685 
Methyl 4nitrophenyl sulfone, 663, 669 
4-Methyl 2-nitrophenylsulfonylacetic 
acid, 679 
a-(4-Methyl-2-nitrophenylsulfonyl)- 
phenylacetic acid, 679 
a-(4-Methyl-2-nitrophenylsulfonyl)- 
propionic acid, 679 
a-(4-Methyl-2-nitrophenylsulfonyl)-n- 
valeric acid, 679 
2-Methyl-3-nitrophenyl 4-toluene- 
sulfonate, 544 
2-Methyl-4-nitrophenyl] 4-toluene- 
sulfonate, 544 
2-Methyl-4-nitropheny] 4-tolyl disulfone, 
735 
4-Methyl-2-nitropheny] trifluoromethyl 
sulfone, 664 
4-Methyl-2-nitrophenyl trifluoromethyl 
sulfoxide, 664 
N-Methyl-6-nitrosaccharin, 634 
Methyl 2-nitro-4-trifluoromethylpheny] 
sulfone, 679 
4-Methyl-1-octylbenzenesulfonic acid, 
211 
2-Methylpentane-2-sulfonic acid, 97 
Methyl 9,10-phenanthrenequinone-2- 
sulfonate, 522 
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Methyl 9,10-phenanthrenequinone-3- 
sulfonate, 522 
Methyl phenanthrenesulfonates, 522 
2-Methylphenol-4,6-disulfonic acid, 234 
3-Methylphenol-4,6-disulfonic acid, 235 
4-Methylphenol-2,6-disulfonie acid, 235 
2-Methylphenoldisulfonyl chloride, 234 
3-Methylphenol-4,6-disulfonyl chloride, 
235 
Methy] 4-phenolsulfonate, 517 
2-Methylphenol-4-sulfonic acid, 233 
2-Methylphenol-6-sulfonie acid, 233 
3-Methylphenol-4-sulfonic acid, 234, 235 
3-Methylphenol-6-sulfonie acid, 236 
4-Methylphenol-2-sulfonic acid, 235, 236 
2-Methylphenol-4-sulfonyl fluoride, 234 
4-Methylphenol-2-sulfonyl fluoride, 236 
3-Methylphenol-2,4,6-trisulfonic acid, 
235 
4-(N-methylphenylaminomethy])- 
benzenesulfonic acid, 265 
Methyl phenylammonium sulfate, 17 
2-(Methylphenylcarbamido)-phenyl 4- 
toluenesulfonate, 543 
4-Methyl-1,3-phenylenedisulfonyl- 
acetonitrile, 712 
Methyl pheny! ethylidene disulfide, 736 
Methyl phenyl ethylidene disulfone, 736 
Methyl phenyl! methanesdisulfonate, 159 
Methyl! phenyl methylene disulfide, 736 
Methyl] phenyl methylene disulfone, 736 
Methyl phenyl sulfide, 461 
Methyl phenyl! sulfone, absorption 
spectra of, 682 
bromination of, 683, 685 
from disulfonylacetones, 751 
from phenylsulfonylacetone, 722 
nitration of, 685 
preparation of, 104, 668, 675 
reaction with chlorosulfonic acid, 686 
reaction with methylmagnesium 
iodide, 458, 682 
N-Methyl]-N’-(phenylsulfonylacety!)- 
urea, 720 
4-Methyl-3-phenylsulfony]-4-(8-phenyl- 
sulfonylisopropyl)-cyclohexane, 748 
2-Methyl-3-phenylsulfonylquinoline, 751 
4-Methy]-3-(phenylthio)-1-(8-phenyl- 
thioisopropyl)-cyclohexane, 748 
2-Methylpropane-1,2-disulfonic acid, 169 
2-Methylpropane-2-sulfinic acid, 668 
2-Methylpropane-1-sulfonamide, 102 
2-Methylpropane-1-sulfonanilide, 102 
2-Methylpropane-1-sulfonic acid, 96, 97 
2-Methylpropane-1-sulfony! chloride, 
102 
2-Methylpropene-3-sulfonic acid, 173 
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5-Methy]-2-propoxybenzenesulfonamide, 
477 
5-Methyl-2-propoxybenzenesulfonyl 
chloride, 238, 477 
2-Methyl-5-n-propylbenzenesulfon- 
amide, 472 
5-Methyl]-2-n-propylbenzenesulfon- - 
amide, 472 
Methyl-n-propylbenzenesulfonic acid, 
209 . 
2-Methyl-4-n-propylbenzenesulfonyl 
chloride, 472 
2-Methyl-5-n-propylbenzenesulfonyl 
chloride, 472 
5-Methy]-2-n-propylbenzenesulfony! 
chloride, 472 
Methyl-n-propylearbinyl] hydrogen 
sulfite, 10 
Methylpropylsulfoacetic acid, 144 
Methyl 4-pyridy] sulfone, 724 
6-Methylquinoline-8-sulfonie acid, 321 
8-Methyl]quinoline-5-sulfonic acid, 321 
5-Methylresorcino]-4,6-disulfonic acid, 
397 
5-Methylresorcinolsulfonic acid, 243 
Methy] retene-“A’’-sulfonate, 522 
Methy] retene-““B’’-sulfonate, 522 
N-Methylsaccharin, 579 
6-Methylsaccharin, 634 
Methylsaccharin-4-carboxylate, 636 
7-Methylsaccharin-5-carboxylic acid, 636 
4-Methylsulfamylbenzoic acid, 590 
Methy] sulfate, chlorination of, 61 
halogen derivatives of, 61 
hydrolysis of, 51 
physical properties of, 51, 73 
preparation of, 49 
reactions of, 51 
reaction with acetanilide, 55 
reaction with acetyl chloride, 59 
reaction with acetylenemagnesium 
bromide, 60 
reaction with alkoxymagnesium 
bromides, 56 
reaction with aluminum chloride, 58 
reaction with amides, 55 
reaction with amino acids, 55 
reaction with o-aminobenzaldehyde, 52 
reaction with ammonia, 52 
reaction with aniline, 52 
reaction with barium hydroxide, 58 
reaction with benzene, 61 
reaction with carbohydrates, 56 
reaction with carboxylic acids, 54 
reaction with chlorosulfonic acid, 59 
reaction with cuprous oxide, 58 
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Methy] sulfate, reaction with dimethyl 
2-hydroxy-isophthalate, 241 
reaction with dimethylpyrone, 54 
reaction with diphenylamine, 33, 265 
reaction with disodiodibenzofuran, 61 
reaction with ethyl acetoacetate, 56 
reaction with ethyl malonate, 56 
reaction with Grignard reagents, 59, 60 
reaction with lead carbonate, 58 
reaction with magnesium halides, 58 
reaction with magnesium methoxide, 
56 
reaction with mesidine, 52 
reaction with methanol, 53, 55 
reaction with methylphenylpyrazolone, 
57 
reaction with phenols, 53, 54, 515 
reaction with 8-phenylethylamine, 52 
reaction with phenylmagnesium 
bromide, 59 
reaction with potassium ferrocyanide, 
58 
reaction with potassium sulfite, 58 
reaction with salicyclic acid, 55 
reaction with salts of carboxylic acids, 
54 
reaction with sodium bromide, 58 
reaction with sodium chloride, 57 
reaction with sodium hydrosulfite, 57 
reaction with stannic chloride, 58 
reaction with thioamides, 55 
reaction with thiophenol, 54 
reaction with toluidine, 52 
reaction with urea, 55 
Methyl sulfide, 661 
Methyl o0-sulfinobenzoate, 618 
Methy! sulfite, 50 
reaction with chlorine, 103 
3-Methyl]-4-sulfobenzoic acid, reaction 
with sodium formate, 438 
4-Methy]-3-sulfobenzoic acid, 228 
5-Methy]-3-sulfobenzoie acid, 228 
Methy! £-sulfocinnamate, 147 
5-Methy]-3-sulfofuroic acid, 315 
Methy! sulfone, absorption spectra of 682 
dipole moment of, 658 
electron diffraction measurements on, 
659 
preparation of, 661, 678 
reaction with deuterium oxide, 660 
Methylsulfonylacetic acid, 678, 708 
Methylsulfonylacetonitrile, 714 
3-(Methylsulfonyl)-benzenesulfonyl 
chloride, 686 
2-Methylsulfonylbenzoic acid, 723 
5-Methylsulfonylbutyl isothiocyanate, 
701 
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4-Methylsulfonylphenylhydrazine, 687 
a-Methylsulfonyl-e-phenylsulfonyl- 
ethane, 736 
Methylsulfonylphenylsulfonylmethane, 
736 
Methylsulfonylphenylsulfony]-4-tolyl- 
sulfonylmethane, 753 
Methylsulfonylphenylsulfonyl-p-toly]- 
thiomethane, 753 
1-Methylsulfonylpropane-2-sulfinic acid, 
758 
1-Methylsulfonylpropane-2-sulfonic 
acid, 758 
1-Methylsulfonylpropane-2-sulfony] 
chloride, 758 
a-Methylsulfonylpropionie acid, 708, 709 
8-Methylsulfonylpropionic acid, 702 
y-Methylsulfonylpropy! isothiocyanate, 
701 
Methylsulfonyl-4-tolylsulfonylmethane, 
736 
Methyl p-sulfophenylcarbamate, 249 
Methylsulfosuceinic acid, 156 
N-Methyltaurine, 122 
2-Methy]-3,3,6,6-tetra-(benzylsulfonyl)- 
heptane, 756 
4-Methylthiazole-5-sulfonic acid, 373 
Methyl! thiocyanate, 57, 104 
2-Methylthiophenol-4-sulfonic acid, 366 
4-Methylthiophenol-2-sulfonie acid, 366 
a-Methylthio-a-phenylsulfonylacetone, 
723 
Methylthiophenylsulfonyl-4-tolyl- 
sulfonylmethane, 753 
1-Methylthiopropane-2-sulfonic acid, 758 
4-Methylthiopyridine, 724 
Methylthiosulfate, 57 
S-Methylthiourea, 104 
1-Methyl-4-(4-t oluenesulfonamido)- 
thioxanthone, 578 
Methyl 4-toluenesulfonate, distillation 
of, 525 
preparation of, 22, 517 
reaction with ammonia, 530 
reaction with anthranilic acid, 531 
reaction with aromatic amines, 531 
reaction with glycerol chlorohydrins, 
529 
reaction with phenylmethyl- 
pyrazolone, 532 
reaction with potassium cyanate, 533 
reaction with potassium iodide, 533 
reaction with pyridine, 532 
reaction with sodium benzoate, 534 
reaction with theobromine, 532 
4-Methyltoluene-w-sulfonic acid, 216 
Methyl 4-t oluenethiosulfonate, 673, 723 
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Methy!] 4-tolyl methylene disulfide, 736 

Methy] 4-tolyl methylene disulfone, 736 

5-Methyl-2-(4-tolyl)-pheny] 4-toluene- 
sulfonate, 546 

Methy! 4-toly] sulfide, 506, 664 

Methyl! 2-tolyl sulfone, 669 

Methy] 4-tolyl sulfone, 664, 669, 684, 685 

N-Methyl]-4-tolylsulfonylacetylurea, 720 

4-Methy]-2,3,6-tribromobenzene- 
sulfonamide, 468 

4-Methy]-2,3, 6-tribromobenzenesulfony] 
chloride, 468 

3-Methyl-2,4,6-tribromopheny] benzene- 
sulfonate, 541 

3-Methy]-2,4,6-tribromopheny] 
4-toluenesulfonate, 544 

3-Methyl-2,4,6-trichlorophenyl benzene- 
sulfonate, 540 

3-Methy]-2,4,6-trichloropheny] 
4-toluenesulfonate, 544 

Methyl _triiodobenzenesulfonates, 
517 

a-Methylvaleraldehyde-s-sulfonic acid, 
136 


516, 


N 


Naphthacenequinonesulfonic acid, 314 
a-(2-Naphthaleneazo)-a-(4-chloro- 
phenylsulfonyl)-propionitrile, 717 
Naphthalenedisulfonamides, 490 
Naphthalene-1,4-disulfonanilide, 490 
Naphthalene-1,5-disulfonanilide, 490 
Naphthalene 1,2-disulfonic acid, 366 
Naphthalene-1,3-disulfonic acid, 269, 273 
Naphthalene-1 ,4-disulfonic acid, 366, 410 
Naphthalene-1,5-disulfonic acid, 
bromination of, 401 
hydrolysis of, 390 
nitration of, 410 
preparation of, 273, 386 
reaction with alkali, 433 
sulfonation of, 274 
Naphthalene-1,6-disulfonie acid, 
arylamine salts of, 386 
bromination of, 401 
hydrolysis of, 390 
nitration of, 410 
preparation of, 273 
Naphthalene-1,7-disulfonic acid, 366 
Naphthalene-1,8-disulfonic acid, 366 
Naphthalene-2,6-disulfonic acid, 
arylamine salts of, 386 
benzidine salt of, 273 
nitration of, 410 
preparation of, 273 
reaction with alkali, 433 
reaction with potassium cyanide, 440 
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Naphthalene-2,7-disulfonic acid, 
arylamine salts of, 386 
benzidine salt of, 273 
chlorination of, 396 
nitration of, 410 
preparation of, 273 
reaction with alkali, 433 
reaction with potassium cyanide, 440 
Naphthalenedisulfonic acids, 433 
Naphthalenedisulfonyl chlorides, 274, 
490 
Naphthalenedisulfony] fluoride, 274 
Naphthalene-1,5-disulfony] fluoride, 455 
Naphthalene-1-sulfinic acid, 670, 681 
Naphthalene-2-sulfinic acid, 670, 696, 
750 
Naphthalene-1-sulfonamide, 487, 635 
Naphthalene-2-sulfonamide, 487 
Naphthalene-l-sulfonanilide, 487 
Naphthalene-2-sulfonanilide, 487, 592 
Naphthalene-2-sulfon-4-chloroanilide, 
592 
Naphthalene-2-sulfonchloro-4-methyl- 
anilide, 592 
8-Naphthalene-2-sulfon-4-chloro-2- 
methylanilide, 592 
Naphthalene-2-sulfon-4-chloro-1- 
naphthylamide, 592 
Naphthalene-l-sulfonic acid, arylamine 
salts of, 386 
bromination of, 401 
chlorination of, 395 
hydrolysis of, 390 
nitration of, 409 
preparation of, 270 
reaction with potassium ferrocyanide, 
439 
reaction with potassium thiocyanate, 
442 
reaction with reducing agents, 372 
reaction with sodium cyanide, 439 
reaction with sodium formate, 438 
reaction with toluene, 678 
reduction of, 393 
Naphthalene-2-sulfonic acid, arylamine 
salts of, 386 
bromination of, 401 
chlorination of, 395 
hydrolysis of, 390 
nitration of, 409 
reaction with chlorobenzene, 677 
reaction with potassium cyanide, 439 
reaction with potassium hydrosulfide, 
440 
reaction with potassium thiocyanate, 
442 
reaction with sodamide, 437 


Naphthalene-2-sulfonic acid, reaction 
with sodium cyanide, 683 
reaction with toluene and m-xylene, 
677 
reduction of, 393 
sodium salt, solubility of, 382 
Naphthalenesulfonic acids, 268 
hydrolysis of, 390 
reactions with alkali, 430, 431 
separation of, 272 
Naphthalene-2-sulfon-1-naphthylamide, 
592 
Naphthalene-2-sulfon-o-toluidide, 592 
Naphthalene-2-sulfon-p-toluidide, 592 
Naphthalene-1-sulfonyl bromide, 513 
Naphthalene-l-sulfonyl chloride, 395, 
409, 487, 596 
Naphthalene-2-sulfony] chloride, 487 
nitration of, 409 
reaction with acetoneoxime, 503 
reaction with glutathione, 512 
reaction with hydrazine, 502 
reaction with peptides, 575 
Naphthalene-1-sulfony] fluoride, 454 
Naphthalene-2-sulfony] fluoride, 454 
Naphthalene tetrasulfonic acids, 270, 366 
Nuphthalene-1,3,5-trisulfonic acid, 274, 
437 
Naphthalene-1,3,6-trisulfonic acid, 268, 
274 
Naphthalene-1,3,7-trisulfonic acid, 274 
Naphthalene-1,4,8-trisulfonic acid, 366 
Naphthalene-2,4,8-trisulfonic acid, 366 
Naphthalenetrisulfony! chlorides, 491 
2-(1-Naphthamido)-pheny] 4-toluene- 
sulfonate, 543 
2-(2-Naphthamido)-pheny] 4-toluene- 
sulfonate, 543 
Naphthionic acid, bromination of, 406 
from 1-nitronaphthalene, 361, 362 
hydrolysis of, 391 
reaction with alkali, 432 
rearrangement of, 293 
salts of, 386 
sulfonation of, 295 
Naphtholdisulfonamide, 491 
Naphtholdisulfonanilides, 491 
1-Naphthol-2,4-disulfonic acid, 283, 390 
1-Naphtholdisulfoniec acids, 284, 404 
2-Naphthol-1,4-disulfonic acid, 365 
2-Naphthol-1,6-disulfonie acid, 287 
2-Naphthol-1,7-disulfonic acid, 288 
2-Naphthol-3,6-disulfonic acid, 287, 386, 
433 
2-Naphthol-3,7-disulfonic acid, 288 
2-Naphthol-6,8-disulfonic acid, 285, 287, 
386, 453 
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1-Naphthol-2,4-disulfony! chloride, 283, 
491 
2-Naphtholdisulfonyl chlorides, 288, 491 
2-Naphthol-3,6-disulfonyl fluoride, 455 
2-Naphthol-6,8-disulfonyl fluoride, 453, 
455 
2-Naphthol-6-sulfinic acid, 694 
1-Naphthol-4-sulfonanilide, 489 
1-Naphthol-5-sulfonanilide, 489 
1-Naphthol-2-sulfonic acid, 283 
1-Naphthol-3-sulfonic acid, 284 
1-Naphthol-4-sulfonic acid, 283, 404, 432 
1-Naphthol-5-sulfonic acid, 284, 432, 437 
1-Naphthol-6-sulfonic acid, 284 
1-Naphthol-8-sulfonic acid, 284, 404, 
432, 437 
2-Naphthol-l-sulfonic acid, 285, 287, 
288, 355, 390 
2-Naphthol-3-sulfonic acid, 362 
2-Naphthol-4-sulfonic acid, 355, 362 
2-Naphthol-6-sulfonic acid, arylamine 
salts of, 386 
nitration of, 412 
oxidation of, 314 
preparation of, 285, 287 
reaction with sodamide, 437 
reaction with sodium sulfite, 355 
sulfonation of, 287 
2-Naphthol-7-sulfonic acid, leucine salt 
of, 384 
preparation of, 285 
reaction with sodamide, 437 
reaction with sodium sulfite, 355 
sulfonation of, 288 
2-Naphthol-8-sulfonic acid, 
salts of, 386 
preparation of, 285, 287 
reaction with sodamide, 437 
sulfonation of, 287 
Naphtholsulfonic acids, 283, 375, 426, 
431 
hydrolysis of, 390 
reaction with alkali, 431 
reaction with phosphorus oxychloride, 
460 
reduction of, 393 
2-Naphtholsulfonic acids, 285 
2-Naphthol-1-sulfonyl chloride, 489 
2-Naphthol-1,3,6,7-tetrasulfonic acid, 
288 
1-Naphthol-2,4,7-trisulfonanilide, 491 
2-Naphthol-3,5,8-trisulfonanilide, 491 
1-Naphthol-2,4,7-trisulfonic acid, 284 
1-Naphthol-2,4,8-trisulfonic acid, 404, 
434 
1-Naphthol-3,5,7-trisulfonic acid, 434, 
437 


arylamine 
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2-Naphthol-1,3,7-trisulfonic acid, 288 
2-Naphthol-3,5,7-trisulfonic acid, 434 
2-Naphthol-3,6,7-trisulfonic acid, 288 
2-Naphthol-3,6,8-trisulfonic acid, 287, 
434 
1-Naphtholtrisulfonyl chloride, 284 
1-Naphthol-2,4,7-trisulfonyl chloride, 
283, 491 
1-Naphthol-2,5,7-trisulfonyl 
284 
1-Naphthol-2,6,8-trisulfonyl 
284 
1-Naphthol-4,6,8-trisulfonyl 
284, 491 
2-Naphthol-3,5,8-trisulfonyl 
491 
2-Naphthol-3,6,8-trisulfonyl 
288 
2-Naphthol-3,6,8-trisulfonyl fluoride, 455 
1-Naphthonitrile-5-sulfonic acid, 282 
1,8-Naphthosultone, 403 
1,8-Naphthosultone-4-sulfonic acid, 284, 
404 
1,8-Naphthosultonesulfonyl chlorides, 
284 
§-(2-Naphthoxy)-ethyl 4-toluene- 
sulfonate, 518, 537 
1-Naphthylaminedisulfonic acids, 
293, 295 
2-Naphthylaminedisulfonic acids, 
298 
1-Naphthylamine-2-sulfonic acid, 
295 
1-Naphthylamine-3-sulfonic acid, 295 
1-Naphthylamine-4-sulfonic acid, 293, 
361; see also Naphthionic acid 
1-Naphthylamine-5-sulfonic acid, 293 
1-Naphthylamine-6-sulfonic acid, 293, 
295. 
1-Naphthylamine-7-sulfonic acid, 295 
1-Naphthylamine-8-sulfonic acid, 295 
Naphthylaminesulfonic acids, 245 
bromination of, 406 
hydrolysis of, 391 
2-Naphthylaminesulfonic acids, 295, 296, 
297 
2-Naphthylamine-1,3,6,7-tetrasulfonic 
acid, 298 
1-Naphthylaminetrisulfonic acids, 295 
2-Naphthylaminetrisulfonic acids, 297, 
298 
1-Naphthylaminosulfonic acid, 291 
2-Naphthyl benzenesulfonate, 541 
1-Naphthy! 4-bromobenzenesulfonate, 
546 
2-Naphthyl 4-bromobenzenesulfonate, 
546 


chloride, 
chloride, 
chloride, 
chloride, 


chloride, 


245, 
297, 


291, 


840 


2-Naphthyl 3-(carbo-2-naphthoxy)-4- 
hydroxy benzenesulfonate, 549 
2-Naphthyl 2-(carbo-2-naphthoxy)-5- 
nitrobenzenesulfonate, 548 
(1-Naphthylcarbonate)-4,4’-disulfonic 
acid, 289 
(1-Naphthylearbonate)-4,4’,6,6’-tetra- 
sulfonic acid, 289 
2,6-Naphthylene di-4-toluenesulfonate, 
546 
1-Naphthyl hydrogen sulfate, 46 
1-Naphthyl 2-naphthy] sulfide, 665 
1-Naphthy] 2-naphthy] sulfone, 665 
1-Naphthy] 3-nitrobenzenesulfonate, 547 
2-Naphthy1 3-nitrobenzenesulfonate, 547 
2-Naphthy] pheny! disulfone, 735 
(a-Naphthyl phenyl ketone)-sulfonic 
acid, 283 
1-Naphthy] pheny] sulfide, 665 
2-Naphthy! phenyl sulfide, 665 
1-Naphthy] pheny!] sulfone, 665 
2-Naphthy] pheny! sulfone, 665 
1-Naphthyl sulfide, 665 
2-Naphthyl sulfide, 665, 683 
Naphthy! sulfone, 677 
1-Naphthyl sulfone, 665 
2-Naphthyl sulfone, 665 
1-Naphthylsulfonylacetamide, 718 
2-Naphthylsulfonylacetamide, 718, 720 
1-Naphthylsulfonylacetone, 721 
2-Naphthylsulfonylacetone, 721 
1-Naphthylsulfonylacetonitrile, 712 
2-Naphthylsulfonylacetonitrile, 712, 713 
w~(1-Naphthylsulfonyl)-acetophenone, 
721 
a-(2-Naphthylsulfonyl)-benzylaceto- 
nitrile, 714 
a-(1-Naphthylsulfony])-dibenzylacet: 
nitrile, 714 ' 
a-(2-Naphthylsulfonyl)-dibenzylaceto- 
nitrile, 714 
a-(2-Naphthylsulfonyl)-diethylaceto- 
nitrile, 714 
a-(1-Naphthylsulfonyl)-dimethylaceto- 
nitrile, 714 
a-(2-Naphthylsulfonyl)-dimethylaceto- 
nitrile, 714 
a-(2-Naphthylsulfonyl)-y-phenyl- 
sulfonylacetone, 750 
a-(2-Naphthylsulfonyl)-a-phenyl- 
sulfonylacetone, 751 
a-(2-Naphthylsulfony])-propionitrile, 
713 
a-(2-Naphthylsulfonyl)-y-4-toly]- 
sulfonylacetone, 750 
1-Naphthy] 4-toluenesulfonate, 546 
2-Naphthyl] 4-toluenesulfonate, 546 
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2-Naphthyl 4-tolyl sulfone, 677 
2-Naphthy] 2,4-xylyl sulfone, 677 
Narcotinesulfonic acid, 323 
4-Neopentylbenzenesulfonamide, 467 
4-Neopentylbenzenesulfonanilide, 467 
4-Neopentylbenzenesulfonic acid, 206 
4-Neopentylbenzenesulfony] chloride, 
467 
5-Nitroacenaphthenedisulfonamide, 494 
5-Nitroacenaphthenedisulfonyl chloride, 
494 
5-Nitroacenaphthene-4-sulfonic acid, 282 
6-Nitroacenaphthene-3-sulfonic acid, 411 
5-Nitroacenaphthene-7-sulfony] chloride, 
494 
6-Nitroacenaphthene-3-sulfonyl chloride, 
494 
6-Nitroacridone-2-sulfonic acid, 322 
Nitro-tert-amy] pheny] sulfide, 663 
Nitro-tert-amyl phenyl] sulfone, 663 
2-Nitroaniline-4-sulfonie acid, 254 
3-Nitroaniline-6-sulfonic acid, 254 
Nitroanilinesulfonic acids, 375 
1-Nitroanthraquinonesulfonic acids, 307, 
392 
2-Nitroanthraquinone-7-sulfonic acid, 
307 
1-Nitroanthraquinonesulfonyl chlorides, 
494 
5-Nitrobenzaldehyde-2-sulfonic acid, 363 
5-Nitrobenzene-1 ,3-disulfonamide, 466 
3-Nitrobenzene-1,4-disulfonic acid, 364 
5-Nitrobenzene-1,3-disulfonic acid, 407 
4-Nitrobenzene-1,3-disulfonyl chloride, 
466 
5-Nitrobenzene-1,3-disulfonyl 
466 
2-Nitrobenzenesulfinic acid, 503, 669, 707 
3-Nitrobenzenesulfinic acid, 461, 669, 673 
4-Nitrobenzenesulfinic acid, 669 
2-Nitrobenzenesulfonamide, 464 
3-Nitrobenzenesulfonamide, 462, 
584 
4-Nitrobenzenesulfonamide, 464 
2-(3-Nitrobenzenesulfonamido)- 
biphenyl, 594 
4-(3-Nitrobenzenesulfonamido)- 
biphenyl, 594 
2-(3-Nitrobenzenesulfonamido)-5- 
nitrobiphenyl, 594 
4-(3-Nitrobenzenesulfonamido)-3- 
nitrobiphenyl, 594 
2-(3-Nitrobenzenesulf onamido)-3,5,4’- 
trinitrobiphenyl, 594 
Nitrobenzenesulfonanilides, 464, 584 
3-Nitrobenzenesulfon-4-bromoanilide, 
581 


chloride, 


464, 
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3-Nitrobenzenesulfon-2,4-dinitroanilide, 
594 
4-Nitrobenzenesulfon-2,6-dinitro-4- 
methylanilide, 594 
4-Nitrobenzenesulfonhydrazide, 503 
Nitrobenzenesulfonhydrazides, 461 
2-Nitrobenzenesulfonic acid, 222, 365 
3-Nitrobenzenesulfonic acid, 222, 407, 
439 
4-Nitrobenzenesulfonic acid, 365 
Nitrobenzenesulfonic acids, arylamine 
salts of, 386 
3-Nitrobenzenesulfon-N-methyl-p- 
toluidide, 704 
3-Nitrobenzenesulfon-2-nitroanilide, 594 
2-Nitrobenzenesulfon-2-nitrophenyl- 
hydrazide, 503 
4-Nitrobenzenesulfon-p-toluidide, 594 
2-Nitrobenzenesulfonyl chloride, 365, 
464, 503 
3-Nitrobenzenesulfonyl chloride, prepa~ 
ration of, 223, 461, 464 
reaction with aniline, 589 
reaction with benzene, 674, 675 
reaction with hydrogen iodide, 499 
reaction with hydrosulfides, 499, 500 
reaction with o-nitroaniline, 511 
reaction with toluene, 675 
4-Nitrobenzenesulfonyl chloride, 
461, 464, 503 
Nitrobenzenesulfony! chlorides, 497 
2-Nitrobenzenesulfony] fluoride, 454 
3-Nitrobenzenesulfonyl fluoride, 456 
N-(3-Nitrobenzenesulfony])-4-toluene- 
sulfon-3-nitroanilide, 590 
3-Nitrobenzofuransulfonic acid, 316 
4-Nitrobenzophenone-2-sulfonyl 
chloride, 484 
4-Nitrobenzylidene-2-naphthylsulfonyl- 
acetonitrile, 715 
4-Nitrobenzylidenephenylsulfonyl- 
acetonitnile, 715 
4-Nitrobenzylidene-4-tolylsulfonyl- 
acetonitrile, 715 
4-Nitrobenzylmethanedisulfonic acid, 
166 
Nitrobenzyl 3-nitrophenyl sulfones, 669 
4-Nitrobenzyl phenyl sulfide, 663 
2-Nitrobenzyl pheny] sulfone, 668 
3-Nitrobenzyl pheny! sulfone, 668 
4-Nitrobenzyl pheny] sulfone, 663, 668 
2-Nitrobenzy] 4-tolyl sulfone, 670, 688 
3-Nitrobenzyl 4-tolyl sulfone, 670, 688 
4-Nitrobenzyl 4-tolyl sulfone, 670, 688 
2-Nitrobiphenyl-4,4’-disulfonyl chloride, 
485 
4-Nitrobiphenyl-4’-sulfonamide, 485 


365, 
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4-Nitrobiphenyl-4’-sulfonanilide, 485 
4-Nitrobipheny!-4’-sulfonic acid, 259, 409 
4-Nitrobiphenyl-4’-sulfony] chloride, 485 
Nitro-tert-butyl phenyl sulfide, 663 
Nitro-ieri-butyl pheny] sulfone, 663 
3-Nitrocarbazoledisulfonic acid, 320 
3-Nitrocarbazolesulfonic acid, 320 
6-Nitrocoumarin-3-sulfonie acid, 317 
2-Nitrodiphenylamine-4-sulfonamide, 
486 
4-Nitrodiphenylamine-2-sulfonamide, 
486 
4-Nitrodiphenylamine-4’-sulfonic acid, 
412 
2-Nitrodiphenylamine-4-sulfonyl 
chloride, 486 
4-Nitrodiphenylamine-2-sulfonyl 
chloride, 486 
4-Nitrodiphenylmethane-4’- 
sulfonic acid, 262 
7-Nitro-2-fluorenyl 4-toluenesulfonate, 
546 
Nitromethanedisulfonic acid, 169 
Nitromethyl phenyl sulfone, 668 
1-Nitronaphthalene-3,6-disulfonamide, 
491 
1-Nitronaphthalene-3,7-disulfonamide, 
491 
Nitronaphthalenedisulfonic acids, 410 
1-Nitronaphthalene-3,6-disulfonyl 
chloride, 491 
1-Nitronaphthalene-3,7-disulfonyl 
chloride, 491 
1-Nitronaphthalene-4-sulfinic acid, 461 
Nitronaphthalenesulfonamides, 488 
Nitronaphthalenesulfonanilides, 488 
Nitronaphthalenesulfonic acids, 281, 384, 
409 
Nitronaphthalenesulfonyl chlorides, 461, 
488 
1-Nitro-2-naphthol-6-sulfonic acid, 412 
Nitronaphthyl 3-nitrobenzenesulfonates, 
547 
2-Nitro-1-naphthylsulfonylacetic acid, 
679 
3-Nitro-4-(4-nitrophenoxy)-benzene- 
sulfonamide, 485 
3-Nitro-4-(4-nitrophenoxy)-benzene- 
sulfonyl chloride, 485 
4-Nitro-2-(nitrophenyl)-phenyl 
4-toluenesulfonate, 545 
2-Nitrophenol-4,6-disulfonic acid, 402 
Nitrophenolsulfonic acids, 240 
bromination of, 401 
from nitroanilinesulfonic acids, 375 
iodination of, 406 
2-Nitrophenol-4-sulfony] fluoride, 240 


842 


4-(2-Nitrophenoxy)-benzenesulfonic 
acid, 264 

4-(4-Nitrophenoxy )-benzenesulfonic 
acid, 264 

2-Nitrophenoxyethanesulfinic acid, 700 

2-(2-Nitrophenylamino)-benzenesulfinic 
acid, 706 

2-(2-Nitrophenylamino)-naphthalene- 
sulfinie acid, 705 

2-(2-Nitrophenylamino)-4-nit robenzene- 
sulfinie acid, 706 

3-Nitrophenylaminosulfonie acid, 360 

Nitrophenyl benzenesulfonates, 540, 554 

Nitrophenyl 4-bromobenzenesulfonates, 
546 

4-Nitro-2-phenylearbamylbenzene- 
sulfonanilide, 482 

2-Nitrophenyl 2-(carbo-2-nitrophenoxy )- 
5-nitrobenzenesulfonate, 548 

4-Nitrophenyl 2-(carbo-4-nitrophenoxy)- 
5-nitrobenzenesulfonate, 548 

4-Nitro-1,3-phenylene di-(4-methyl- 
3-nitrobenzenesulfonate), 549 

2-Nitrophenyl ethyl sulfone, 679 

4-Nitrophenyl hydrogen sulfate, 46 

4-Nitrophenyl 2-methyl-5-nit robenzene- 
sulfonate, 549 

4-Nitrophenyl 4-methyl-3-nit robenzene- 
sulfonate, 549, 554 

3-Nitropheny! 4-nitrobenzenesulfonate, 
548 

4-Nitrophenyl 3-nitrobenzenesulfonate, 
547 

4-Nitrophenyl 4-nitrobenzenesulfonate, 
548 

3-Nitropheny! 3-nitrobenzenet hiol- 
sulfonate, 499 

4-Nitropheny! 4-nitrobenzenethiol- 
sulfonate, 365 

2-(2-Nitrophenylphenylearbamyl)- 
benzenesulfinic acid, 707 

2-Nitropheny! 2-(phenylearbamy!)- 
phenyl! sulfone, 707 

2-Nitropheny! phenv! sulfide, 664 

4-Nitrophenyl phenyl sulfide, 664 

2-Nitrophenyl phenyl sulfone, 664, 670, 
700, 705 

3-Nitrophenyl phenyl sulfone, 675 

4-Nitrophenyl phenyl! sulfone, 664, 670 

4-(4-Nitrophenyl)-phenyl 4-toluene- 
sulfonate, 545 

2-Nitrophenyl n-propyl sulfide, 663 

4-Nitrophenyl n-propyl] sulfide, 663 

2-Nitrophenyl n-propyl! sulfone, 663 

3-Nitrophenyl n-propyl sulfone, 685 

4-Nitrophenyl n-propyl! sulfone, 663 

6-Nitro-N-phenylsaccharin, 634 
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4-Nitrophenyl 4-sulfamylphenyl sulfide, 
703 
2-Nitrophenylsulfonylacetanilide, 707 
2-Nitrophenylsulfonylacetic acid, 679 
a-(2-Nitrophenylsulfony])-alkane- 
a-carboxylic acids, 678, 679 
1-(2-Nitrophenylsulfonyl)-cyelohexane- 
carboxylic acid, 679 
a-(2-Nitrophenylsulfonyl)-phenylacetic 
acid, 679 
§-(2-Nitrophenylsulfonyl)-propion- 
anilide, 707 
a-(2-Nitrophenylsulfonyl)-propionic 
acid, 679 
a-(2-Nitrophenylsulfony!)-4-tolyl- 
acetic acid, 679 
2-Nitrophenylsulfur chloride, 695 
4-Nitrophenvlsulfur chloride, 365, 461 
2-Nitrophenyl 2-toluenesulfonate, 549 
2-Nitropheny! 4-toluenesulfonate, 
542, 552 
3-Nitrophenyl 4-toluenesulfonate, 542 
4-Nitrophenyl 4-toluenesulfonate, 542 
2-Nitrophenyl! 4-tolyl sulfone, 672 
3-Nitrophenyl 3-tolyl sulfone, 675 


' 3-Nitrophenyl trifluoromethyl sulfide, 


663 
4-Nitropheny! trifluoromethyl sul fide, 
663 
3-Nitropheny! trifluoromethyl sulfone, 
663 
4-Nitrophenyl trifluoromethyl! sulfone, 
663 
4-Nitroresorcinol-6-sulfonie acid, 243 
6-Nitrosaccharin, 633 
1-Nitroso-2-naphthol-6-sulfonic acid, 356 
2-Nitrosophenyl 4-toluenesulfonate, 542 
4-Nitrosopheny! 4-toluenesulfonate, 542 
Nitrososulfonamides, 615 
2-Nitro-4-sulfamylbenzoie acid, 482 
3-Nitrosulfanilamide, 600 
3-Nitrosulfanilyl chloride, 480 
5-Nitro-3-sulfobenzoic acid, 409 
4’-Nitro-2’-(4-sulfobenzoyl)-benzoic 
acid, 409 
Nitrosulfonamides, 615 


| 2-Nitro-3,4,5,6-tet rabromobenzene- 


sulfonamide, 464 
2-Nitro-3,4,5,6-tetrabromobenzene- 
sulfonic acid, 407 
5-Nitro-2,3,4,6-tetrabromobenzene- 
sulfonic acid, 407 
2-Nitro-3,4,5,6-tetrabromobenzene- 
sulfonyl chloride, 464 
3-Nitro-2,4,5,6-tetrabromobenzene- 
sulfonyl chloride, 464 
5-Nitrotetralin-7-sulfonamide, 484 
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7-Nitrotetralin-5-sulfonamide, 484 
5-Nitrotetralin-7-sulfonie acid, 224 
7-Nitrotetralin-5-sulfonic acid, 224 
5-Nitrotetralin-7-sulfonyl chloride, 484 
7-Nitrotetralin-5-sulfonyl chloride, 484 
3-Nitro-4-(4-toluenesulfonamido)- 
biphenyl, 593, 594 
4-Nitro-2’-(4-toluenesulfonamido)- 
biphenyl, 595 
5-Nitro-2-(4-toluenesulfonamido)- 
biphenyl, 594 
1-Nitro-2-(4-toluenesulfonamido)- 
naphthalene, 595 
1-Nitro-2-(4-toluenesulfonamido)- 
naphthalene-6-sulfonie acid, 595 
4-Nitro-2-(4-toluenesulfonamido)- 
phenyl 4-toluenesulfonate, 544 
4-Nitro-3-(4-toluenesulfonamido)- 
phenyl 4-toluenesulfonate, 544 
§-Nitro-2-(4-toluenesulfonamido)- 
phenyl! 4-toluenesulfonate, 544 
1-Nitro-2-(4-t oluenesulfon-n-buty]l- 
amido)-naphthalene, 595 
3-Nitro-4-toluenesulfon-2,3,dinitro- 
phenetylamide, 582 
Nitrotoluenesulfonic acids, 223 
3-Nitro-4-(4-t oluenesulfonmethyl- 
amido)-biphenyl, 595 
1-Nitro-2-(4-toluenesulfonmethyl- 
amido)-naphthalene, 595 
4-Nitrotoluene-w-sulfonyl chloride, 116 
3-Nitrotribromobenzenesulfonamides, 
464 
Nitrotribromobenzenesulfonic acids, 407 
Nitrotribromobenzenesulfonyl chlorides, 
464 
3-Nitro-2,4,6-tribromopheny] 4-toluene- 
sulfonate, 543 
2-Nitro-4-trifluoromet hylphenyl- 
sulfonylacetic acid, 679 
a-(2-Nitro-4-trifluoromethylphenyl- 
sulfonyl)-phenylacetic acid, 679 
a-(2-Nitro-4-trifluoromethylphenyl- 
sulfonyl)-propionie acid, 679 
3-Nitro-2,4,5-t rimethylaniline- 
6-sulfonic acid, 254 
6-Nitro-1,3,5-trimet hylbenzene- 
2,4-disulfonyl chloride, 475 
3-Nitro-2,4,6-trimethylbenzenesulfonic 
acid, 408 
n-Nonyl sulfate, 73 
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4-n-Octadecylbenzenesulfonic acid, 206 
n-Octadecyl 4-bromobenzenesulfonate, 
516 


843 


n-Octadecyl hydrogen sulfate, 14, 36 

(Octadecyl lactate) hydrogen sulfate, 39 

n-Octadecy] sulfate, 73 

Octadecyl 4-toluenesulfonate, 518 

n-Octadecy] 2-tolyl sulfone, 669 

Octahydroanthracene-9-sulfonic acid, 
213, 389, 400 

Octahydrophenanthrenesulfonic acid, 
213, 389 

2,2’,3,3’,4,4’,6,6’-Octamethylbiphenyl- 
disulfonyl chloride, 259 

Octane-1-sulfinie acid, 683 

Octane-1I-sulfonic acid, 99 

Octane-2-sulfonic acid, 97 

Octane sultone, 134 

1-Octoxy-4-octylbenzenesulfonic acid, 
238 

n-Octylbenzenesulfonic acid, 206 

2-Octyl 4-bromobenzenesulfonate, 532 

Octyl hydrogen sulfate, 12, 18 

2-Octyl hydrogen sulfate, 36 

n-Octyl sulfate, 73 

n-Octy] sulfide, 661 

n-Octyl sulfone, 661, 683, 684 

2-Octyl 4-toluenesulfonate, 538 

4-n-Octyltoluenesulfonie acid, 211 

Oley! hydrogen sulfate, 13 

Orthanilic acid, 245, 247 

Oxanilide-4,4’-disulfonie acid, 248 

4-Oxanisididedisulfonic acid, 257 

Oximinophenylsulfonylacetonitrile, 716 


P 


Papaverine-6’-sulfonic acid, 323 

Pentabromobenzenesulfonamide, 463 

Pentabromobenzenesulfony] chloride, 
463 

Pentamethylbenzenesulfonic acid, 213, 
387, 423 

Pentane-1,1-disulfonic acid, 166 

Pentane-!-sulfonic acid, 96, 99, 101 

Pentane-2-sulfonic acid, 97, 101 

Pentasulfones, 755 

4-Pentene-2,2-disulfonic acid, 166 

1-Pentene polysulfone, 759 

2-Pentene polysulfone, 759 

Phenacetinsulfonic acid, 256 

2-Phenanthraquinonyl benzenesulfonate, 
542 

3-Phenanthraquinony] benzenesulfonate, 
542 

Phenanthrenedisulfonic acids, 311, 364 

Phenanthrene-3, 9-disulfonyl chloride, 
495 

Phenanthrenequinone-3-sulfonic acid, 
435 
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Phenanthrenesulfonamides, 495 
Phenanthrenesulfonanilides, 495 
Phenanthrene-1-sulfonic acid, 311, 439 
Phenanthrene-2-sulfonic acid, 311, 439 
Phenanthrene-3-sulfonic acid, 311, 401, 
436, 439 
Phenanthrene-9-sulfonic acid, 311, 439 
Phenanthrenesulfonic acids, reaction 
with alkali, 435 
Phenanthrenesulfonyl chlorides, 495 
3-Phenanthryl benzenesulfonate, 541, 
554 
9-Phenanthryl benzenesulfonate, 542 
p-Phenetidinesulfonic acid, 256 
Phenetolesulfinic acid, 366 
Phenetolesulfonamides, 475, 476 
Phenetolesulfonanilides, 475, 476 
Phenetole-2-sulfonic acid, 372 
Phenetole-4-sulfonic acid, 232, 397, 403 
Phenetolesulfonic acids, 366, 403 
Phenetole-4-sulfony] fluoride, 233, 454 
Phenol-2,4-disulfonamide, 586 
Phenol-2,4-disulfonanilide, 477 
Phenol-2,4-disulfonic acid, bromination 
of, 401 
chlorination of, 396 
iodination of, 406 
nitration of, 411 
preparation of, 230, 231 
reaction with alkali, 241, 429 
reaction with phosphorus penta- 
chloride, 460 
Phenol-2,4-disulfonyl chloride, 232, 477 
Phenol-2,4-disulfonyl fluoride, 232, 454 
Phenol-2-sulfonanilide, 475 
Phenolsulfonephthalein, 558, 559, 560 
Phenol-2-sulfonic acid, hydrolysis of, 
390 
preparation of, 373 
reaction with alkali, 426 
reaction with phosphorus penta- 
chloride, 459 
Phenol-3-sulfonic acid, bromination of, 
402 
nitration of, 411 
preparation of, 353 
reaction with alkali, 427 
reaction with phosphorus penta- 
chloride, 459 
Phenol-4-sulfonic acid, hydrolysis of, 
390, 391 
nitration of, 411 
preparation of, 231, 233, 375, 424, 427 
pyrolysis of aniline salt, 248 
reaction with alkali, 426 
reaction with phosphorus penta- 
chloride, 459 
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Phenol-4-sulfonic acid, reaction with 
sodamide, 437 
reaction with sulfuryl chloride, 74 
reaction with toluene, 695 
reduction of, 393 
sulfonation of, 231 
Phenolsulfonic acids, 230 
bromination of, 401 
chlorination of, 396 
hydrolysis of, 390, 391 
iodination of, 406 
4-(phenol-4-sulfonoxy)-benzenesulfonic 
acid, 548 
Phenol-3-sulfonyl chloride, 460, 475 
Phenol-4-sulfony] fluoride, 231, 454, 456, 
457 
Phenolsulfonyl fluorides, 455, 575 
Phenol-2,4,6-trisulfonanilide, 478 
Phenoltrisulfonic acid, preparation of, 
230, 232 
reactions of, 396, 430, 460 
Phenol-2,4,6-trisulfonyl chloride, 232, 
478 
w-Phenoxyacetophenonesulfonic acid, 
264 


1-Phenoxyanthraquinone-6-sulfonyl 
chloride, 308 
Phenoxybenzene-4,4’-disulfonamide, 485 
Phenoxybenzene-4,4’-disulfonic acid, 
264, 403 
Phenoxybenzene-4,4'-disulfonyl chloride, 
264, 485 
4-Phenoxybenzenesulfonamide, 485 
4-Phenoxybenzenesulfonic acid, 264, 403 
4-Phenoxybenzenesulfonyl chloride, 485 
8-Phenoxyethy! 4-toluenesulfonate, 518, 
536, 537 
(8-Phenoxy-8-phenylpropionic acid)- 
4,4'-disulfonic acid, 264 
a-Phenylacetonyl 4-tolyl sulfone, 724 
Pheny] w,w-acetophenonedisulfonate, 
165 
Phenylacetylene polysulfone, 760 
3-Phenylaminobenzisothiazole dioxide, 
632 
Phenyl 5-amino-2-chlorobenzene- 
sulfonate, 548 
1-Phenylamino-2-naphthol-4-sulfonic 
acid, 358 
Phenylaminosulfonic acid, 247, 360 
Phenylaminotriphenylmethanesulfonic 
acid, 268 
Phenyl benzenesulfonate, 540, 552, 554 
Phenyl benzenethiosulfonate, 360, 504, 
739, 753 
Phenyl benzoylmethanedisulfonate, 165 
Phenyl] 4-bromobenzenesulfonate, 546 


INDEX 


2-Pheny]-1,3-butadiene sulfones, 730, 
731 

1-Phenylbutanesulfonic acid, 116 

2-Phenylcarbamylbenzenesulfonanilide, 
481 

3-Phenylcarbamylbenzenesulfonanilide, 
482 

Phenyl 2-carbamylbenzenesulfonate, 
548 

Phenyl 2-carbophenoxybenzene- 
sulfonate, 548, 552 

Phenyl] 3-carbophenoxy-4-hydroxy- 
benzenesulfonate, 549 

Phenyl] 6-carbophenoxy-4-methy]- 
3-nitrobenzenesulfonate, 549 

Phenyl 2-carbophenoxy-5-nitrobenzene- 
sulfonate, 548 

Phenyl] 2-chloro-5-nitrobenzenesulfonate 
548 

Pheny] 4-chloro-2-nitrobenzenesulfonate, 
548 

Phenyl 4-chloro-3-nitrobenzenesulfonate, 
553 

Phenyl] 4-chloro-2-nitropheny] sulfone, 
664 

Phenyl chlorosulfonate, 48, 73 

Phenyl] 2-chlorosulfonylbenzoate, 618 

3-Phenylcoumarindisulfonic acid, 317 

3-Phenylcoumarinsulfonic acid, 317 

Phenyl 2,5-dimethylnitrobenzene- 
sulfonates, 550 

Pheny] 4,4’-dinitrostilbene-2,2’- 
disulfonate, 550 

Pheny] disulfide, 365, 461, 499, 684 

Pheny] disulfone, 735 

p-Phenylenediaminesulfonic acid, 355, 
360 

m-Phenylenedi-(aminosulfonic acid), 
360 

1,3-Phenylene dibenzenesulfonate, 540 

1,4-Phenylene dibenzenesulfonate, 540 

1,3-Phenylene di-(4-methyl-3-nitro- 
benzenesulfonate), 549 

1,3-Phenylene di-(sulfonylacetonitrile), 
712 

1,3-Phenylene diviny! disulfide, 749 

2-Phenylethane-1,1-disulfonic acid, 166 

2-Phenylethane-1-sulfinic acid, 668 

1-Phenylethane-1-sulfonic acid, 116 

2-Phenylethane-1-sulfonic acid, 90, 116 

a-Phenylethy] sulfide, 662 

§-Phenylethy! sulfide, 662 

a-Phenylethy] sulfone, 662 

B-Phenylethy! sulfone, 662 

4-(g-Phenylethylsulfonyl)-pheny]- 
hydrazine, 687 
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a-Phenylethy] 4-toluenesulfonate, 518, 
538 

Phenyl fluorosulfonate, 48 

Pheny] hydrogen sulfate, 45, 46, 47, 
230, 231 

Phenyl 6-hydroxy-2-naphthalene- 
sulfonate, 550 

Pheny] 2-iodo-5-nitrobenzenesulfonate, 
548 

B-Phenylisopropy] 4-toluenesulfonate, 
518 

Pheny] methanedisulfonate, 159, 160 

Phenyl] methanesulfonate, 161 

Phenylmethanesulfonic acid, 225; see 
also Toluene-w-sulfonic acid 

Phenylmethylearbiny] sulfide, 681 

Phenylmethylcarbiny] sulfone, 681 

Phenylmethylcarbiny] 4-toluene- 
sulfinate, 681 

Phenylmethylcarbinyl 4-tolyl sulfone, 
681 

Phenyl! 2-methyl-5-nitrobenzene- 
sulfonate, 549 

Phenyl 4-methy]-3-nitrobenzene- 
sulfonate, 549 

Phenyl] 4-methyl-3-nitropheny] sulfone, 
675 

Phenyl 1-naphthalenesulfonate, 550 

Pheny! 2-naphthalenesulfonate, 550 

2-N-Pheny]-1,2-naphtho-1,2,3-triazole- 
4-sulfonic acid, 323 

N-Phenyl-2-naphthylamine-5-sulfonic 
acid, 298 

N-Phenyl-2-naphthylamine-8-sulfonic 
agid, 298 

Pheny] 2-nitrobenzenesulfonate, 546 

Pheny! 4-nitrobenzenesulfonate, 547 

Phenylpheny] benzenesulfonates, 541, 
554 

Phenylpheny] 4-bromobenzene- 
sulfonates, 546 

Phenyl] 8-phenylethy] sulfide, 662 

Phenyl] 8-phenylethy! sulfone, 662, 683 

Phenylpheny]! 2-nitrobenzenesulfonates, 
546 

Phenylpheny! 3-nitrobenzenesulfonates, 
547 

Phenylpheny] 4-nitrobenzenesulfonates, 
548 

4-Phenylpheny] sulfide, 665 

4-Phenylpheny] sulfone, 665 

Phenyl! phenylsulfonylbenzenesulfonate, 
550 

Phenylpheny] 4-toluenesulfonates, 545 

Phenyl! §-phthalimidoethy! sulfone, 701 

1-Phenylpropane-2,2-disulfonic acid, 166 

1-Phenylpropane-1-sulfonic acid, 116 
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Phenyl n-propyl] sulfide, 662 
a-Phenyl-n-propyl sulfide, 662 
y-Phenylpropyl sulfide, 662 
Phenyl z-propy] sulfone, 662, 668, 678 
y-Phenylpropyl sulfone, 662 
a-Phenyl-n-propyl sulfone, 662 
Phenyl pyridy] sulfones, 724 
Pheny] quinolyl sulfones, 724 
Phenylsulfamic acid, 584 
4-Phenylsulfamyl-1,2-phthalic acid, 483 
Pheny! sulfate, 73 
Phenyl sulfide, 506, 664, 691 
(Pheny] sulfide)-2,2’-disulfonic acid, 
263, 264 
(Pheny] sulfide)-4,4-disulfonic acid, 
263, 264 
(Pheny! sulfide)-4-sulfonic acid, 264 
Phenylsulfoacetic acid, 150 
Pheny! sulfone, absorption spectra of, 
682 
allotropic forms of, 682 
dipole moment of, 658 
formation of, 199 
from benzene and sulfur trioxide, 676 
from benzenesulfonic acid, 677 
from diphenyleadmium, 681 
from sulfuryl chloride and benzene, 
681 
fusion with alkali, 422 
in thiophene-free benzene, 674 
nitration of, 685 
preparation of, 200, 664, 675, 681 
reaction with alkali, 683 
reaction with chlorine, 461, 683 
reaction with phosphorus 
pentachloride, 683 
reaction with selenium, 682 
reaction with sodamide, 684 
reaction with sodium, 682 
reaction with sulfur, 682 
reaction with sulfuric acid, 683 
solubility in water, 682 
8-Pheny] sulfone, 691 
Phenylsulfonylacetamide, 718, 719, 720 
Phenylsulfonylacetic acid, 694, 709, 710, 
711, 751 
Phenylsulfonylacetone, 721 
halogenation of, 722 
hydrolysis of, 722 
oxidation of, 366, 722 
reaction with thiosulfonates, 723 
reduction of, 722 
Phenylsulfonylacetonitrile, 679, 712, 713, 
714, 715 
Phenylsulfonylacetophenone, 721, 722 
Phenylsulfonylacetylurea, 720 
Phenylsulfonylacetylurethane, 720 
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Phenylsulfonylbenzene-3,3'-disulfonic 
acid, 264 
Phenylsulfonylbenzene-3,3’-disulfony] 
chloride, 202, 485 
Phenylsulf onylbenzene-3-sulfunic acid, 
264 
4-Phenylsulfonylbenzoic acid, 691 
Phenylsulfonylbromoacetamide, 719 
e-Phenylsulfonylbutyric acid, 678, 709 
3-Phenylsulfonylearbost yril, 715 
3-Phenylsulfonylcoumarin, 710 
8-Phenylsulfonylerotonic acids, 732, 740 
a-Phenylsulfonyldibenzylacetonitrile, 
714 
Phenylsulfonyl-N, a-dibromoacetamide, 
679 
a-Phenylsulfonyldiethylacetonitrile, 714 
a-Phenylsulfonyldiisopropylacetonitrile, 
714 
a-(Phenylsulfonyl)-ethylsulfonylbenzoic 
acid, 740 
a-Phenylsulfonylisobutyric acid, 678 
a-Phenylsulfonylphenylacetic acid, 678 
2-(Phenylsulfony])-phenyldiphenyl- 
carbinol, 558 
Phenylsulfonylphenylhydrazine, 687 
8-Phenylsulfonyl-6-phenylpropionic acid, 
711 
2-Phenylsulfonyl-3-(phenylsulfony]- 
methyl)-quinoline, 751 
3-Phenylsulfonyl-2-(phenylsulfonyl- 
methyl )-quinoline, 752 ; 
a-Phenylsulfonylpropionamide, 718 
8-Phenylsulfonylpropionic acid, 678, 680 
a-Phenylsulfonylpropionitrile, 713 
Phenylsulfonylthioacetamide, 713 
a-Phenylsulfonyl-y-(4-tolylsulf onyl)- 
acetone, 750 
Phenylsulfonyl-a,a,N-trichloroacet- 
amide, 720 
a-Phenylsulfonyl-y,7,y-trichloro- 
acetone, 722 
5-Phenyl-5-sulfo-2-pentenoic acid, 154 
8-Phenyl-a-sulfopropionic acid, 145, 151 
Pheny] sulfoxide, 506, 664, 736 
Pheny! tetrasulfide, 499 
Phenyl thiocyanate, 461 
Pheny! 2-toluenesulfonate, 549 
Phenyl 4-toluenesulfonate, 542 
nitration of, 554 
preparation of, 553 
reaction with ammonia, 552 
reaction with Grignard reagents, 553 
reaction with hydrazine, 552 
reaction with sodium ethoxide, 552 
Pheny] 4-tolyl disulfone, 734 
Phenyl 4-tolyl sulfide, 665 
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Pheny] 2-toly] sulfone, 675 
Phenyl 4-tolyl sulfone, nitration of, 686 
preparation of, 553, 665, 675, 677 
4-Phenyl-4-(4-tolylsulfony])-2-butanone, 
724 
1-Phenyl-3-(4-tolylsulfonyl)-1-hexen- 
5-one, 724 
B-Phenyl-8-(4-tolylthio)-ethy] 4-toly] 
sulfone, 727 
Phenyl tribromomethy] sulfone, 689, 719 
Pheny] trichloromethyl sulfide, 461 
Phenyl trifluoromethyl sulfide, 662 
Pheny] trifluoromethyl sulfone, 662 
Phenyl 2,4,5-trimethylpheny] sulfone, 
677 
Phenyl] 2,4,6-trimethylphenyl sulfone, 
667 
Phenyl 2,4,6-trinitrophenyl sulfone, 670 
Phenyl triphenylmethy] sulfone, 668 
Pheny] trithioorthoacetate, 754 
Phenyl trithioorthoformate, 754 
B-Phenylviny] 4-tolyl sulfone, 726 
9-Phenylxanthy] 4-t oly] sulfone, 684 
Phloroglucinol-2,4-disulfonanilide, 478 
Phloroglucinol-2,4-disulfonyl chloride, 
478 
Phloroglucinolsulfonie acid, 244 
Phloroglucinoltrisulfonic acid, 245 
Phloroglucinyl tribenzenesulfonate, 540 
Phthalidesulfonie acid, 316 
Phthalocyaninesulfonyl chloride, 319 
N-Picrylsaccharin, 625 
Piperidinesulfonic acid, 126 
Piria reaction, 359 
Polvsulfones, 757 
Propane-1,2-bis-(sulfonylacetic acid), 
732 
Propane-1,1-disulfonic acid, 166 
Propane-1,2-disulfonic acid, 168 
Propane-2,2-disulfonie acid, 166 
Propane-1,2-disulfonyl chloride, 161 
Propane-1-sulfonamide, 102 
Propane-2-sulfonamide, 102 
Propane-2-sulfonanilide, 102 
Propane-1-sulfonic acid, 96, 97, 99, 101, 
102 
Propane-2-sulfonic acid, 97, 101 
Propane-1-sulfonyl chloride, 102 
Propane-2-sulfonyl chloride, 102 
Propene-1-sulfonic acid, 173 
Propene-3-sulfonic acid, 173 
Propenylsulfonylacetic acid, 732, 744 
Propionaldehyde-a,e-disulfonic acid, 166 
Propionaldehyde-g-sulfonie acid, 136 
N*-Propionylsulfanilamide, 479 
N-Propionylsulfanilyl chloride, 479 
3-n-Propoxybenzenesulfonamide, 475 
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4-n-Propoxybenzenesulfonamide, 476 
3-n-Propoxybenzenesulfonyl chloride. 
475 
4-n-Propoxybenzenesulfonyl chloride, 
476 
n-Propylacetylene polysulfone, 760 
n-Propylbenzenesulfonamides, 467 
n-Propyl benzenesulfonate, 516 
n-Propylbenzenesulfonic acid, 205 
n-Propylbenzenesulfonyl chlorides, 467 
n-Propyl 5-bromonaphthalene-1- 
sulfonate, 521 
n-Propy] chlorosulfonate, 34, 67, 68 
n-Propyl 2,5-dichlorobenzenesulfonate, 
516 
2-n-Propy]-1,4-dithiane-6-(9-nonanoic 
acid) 1,4-bis-dioxide, 760 
Propylene bis-(hydrogen sulfate), 41 
Propylene bis-(sulfonylacetic acid), 744 
Propylene polysulfone, 758, 759 
n-Propyl] hydrogen sulfate, 15, 16, 18, 34 
n-Propyl 5-iodonaphthalene-1-sulfonate, 
§21 
n-Propylmethanedisulfonic acid, 166 
4-n-Propylphenol-2-sulfonic acid, 237 
n-Propyl sulfate, 67, 68, 73 
n-Propyl sulfide, 661 
n-Propy] sulfite, 67 
4-Propy]-3-sulfobenzoic acid, 228 
n-Propyl sulfone, 661 
n-Propylsulfonylacetamide, 719 
a-n-Propylsulfonyl-n-butyramide, 719 
a-n-Propylsulfonyleaproamide, 719 
a-n-Propylsulfonylisobutyramide, 719 
a-n-Propylsulfonylisovaleramide, 719 
n-Propylsulfonylphenylhydrazine, 687 
a-n-Propylsulfonylpropionamide, 719 
a-n-Propylsulfonyl-n-valeramide, 719 
n-Propyl] sulfoxide, 661 
n-Propyl 4toluenesulfonate, 517 
preparation of, 507 
reaction with 2-aminopyridine, 531 
reaction with aniline, 531 
reaction with phenol, 529, 530 
reaction with thiophenols, 530 
n-Propy] 4toly] sulfide, 664 
n-Propyl 2-toly] sulfone, 669 
n-Propyl 4-tolyl sulfone, 664, 669 
2-n-Propy]-1,3,5-trimethylbenzene- 
sulfonic acid, 213 
3-n-Propy]-2,4,6-trimethy lbenzene- 
sulfonic acid, 400 
Pseudocumene-5-sulfonie acid, 211 
Pseudo-saccharinamine, 627 
Pseudo-saccharin chloride, 620; see alse 
3-Chlorobenzisothiazole 1-dioxide 
Pulegonesulfonic acid, 138 
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Pyrenedisulfoniec acid, 440 
Pyrene-3-sulfonic acid, 313 
Pyridine-3,5-disulfonic acid, 321 
Pyridine-3-sulfonamide, 496 
Pyridine-2-sulfonic acid, 321 
Pyridine-3-sulfonic acid, 320 
Pyridine-4-sulfonic acid, 366 
Pyridine-2-sulfonyl chloride, 496 
Pyridine-3-sulfonyl chloride, 496 
Pyridine sulfotrioxide, 6, 247, 301 
Pyridonesulfonic acids, 126 
Pyrogallol-4,6-disulfonanilide, 478 
Pyrogallol-4,6-disulfonyl chloride, 478 
Pyrogallol-4-sulfonic acid, 244, 390 
Pyrogallyl tribenzenesulfonate, 540, 553 


Q 


Quinizarin-2-sulfonic acid, 384, 392 
Quinoline-2-sulfonic acid, 364 
Quinoline-4-sulfonic acid, 366 
Quinoline-5-sulfonie acid, 321 
Quinoline-6-sulfonic acid, 321 
Quinoline-7-sulfonic acid, 321 
Quinoline-8-sulfonic acid, 321, 436 
Quinonedisulfones, 742 


R 


R acid, 287; see also 2-Naphthol-3,6- 
disulfonic acid 

Resorcinol-4,6-disulfonanilide, 478 

Resorcinol-4,6-disulfonic acid, 216, 243, 
429, 460 

Resorcinol-4,6-disulfonyl chloride, 478 

Resorcinol-4-sulfonic acid, 243, 403, 427 

Resorcinol-4-sulfony] chloride, 243 

Resorcinol-2,4,6-trisulfonanilide, 478 

Resorcinol-2,4,6-trisulfonic acid, 248 

Resorcinol-2,4,6-trisulfonyl chloride, 243, 
478 

Retenesulfonic acid, 311 

Ricinoleic acid hydrogen sulfate, 5, 39 

Rongalite, 129 

Rubbersulfonic acid, 174 

Rufianic acid, 384 


8 


Saccharin, acylation of, 624 
alkylation of, 624 
alkylsulfonamides from, 579 
analogs of, 631 
bactericidal action of, 622 
chlorination of, 626 
derivatives of, 632 
detection of, 630 
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Saccharin, determination of, 630 
hydrolysis of, 623, 630 
o-hydroxyphenylmercuric salt, 623 
manufacture of by-products, 620 
mercury derivatives of, 621 
phenylmercuric salt, 622 
physical properties of, 620 
physiological properties of, 620 
preparation of, 616 
reaction with dimethylaniline, 625, 627 
reaction with halogen compounds, 

624, 625 
reaction with hydroxylamine, 628 
reaction with methylaniline, 627 
reaction with methylmagnesium 
iodide, 628 
reaction with phenylaminomagnesium 
bromide, 627 
reaction with phosphorus penta- 
chloride, 619 
reaction with xanthhydrol, 629 
reduction of, 623 
reduction with sodium and alcohol, 624 
taste of, 621 
use as sweetening agent, 622 
Saccharincarboxylic acids, 635, 636 
(Salicyclic acid)-4,6-disulfonyl chloride, 
478 

Schaffer’s acid, see 2-naphthol-6- 

sulfonic acid ‘ 

Sinomeninesulfonic acid, 323 

Sitostanyl 4-toluenesulfonate, 519 . 

Sitosteryl 4-toluenesulfonate, 519 

Sodium benzenesulfinate, and butylene 

bromides, 743 

and ethylene bromide, 743 

and propylene bromide, 743 

and 1,1,1-trichloroethane, 743 

and 1,1,2-trichloroethane, 743 

from a trisulfone, 755 

from benzenesulfonyl chloride and 
8-disulfones, 741 

from +-disulfones, 692 

from phenyl benzenethiolsulfonate, 
739 

reaction with a chloroquinoline, 753 

reaction with a diazonium salt, 587 

reaction with bromoketosulfones, 722 

reaction with chloroacetamide, 718 

reaction with chloroacetone, 721 

reaction with chloroacetonitrile, 712 

reaction with §-chlorocrotonic acids, 
732 

reaction with dibromophenylsulfonyl- 
acetonitrile, 717 

reaction with 8,6-dibromopropio- 
phenone, 732 


INDEX 
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Sodium benzenesulfinate, reaction with | Sulfanilamide, hydrolysis of, 600 


dichloroketosulfones, 722 
reaction with ethyl chloroacetate, 708 
reaction with haloacetones, 750 
reaction with sodium dichloroacetate, 
711 
reaction with sodium a,a-dichloro- 
propionate, 711 
reaction with 4-toluenesulfonyl 
chloride, 734 
reaction with 1,2,3-tribromopropane, 
754 
Sodium w-toluenesulfinate, 755 
Sodium 4-toluenesulfinate, 672 
reaction with aryl chlorides, 746 
reaction with benzenesulfonyl 
chloride, 734 
reaction with a-bromo-n-butyramide, 
718 
reaction with ethyl a-chloroaceto- 
acetate, 708 
reaction with ethylene bromide, 743 
reaction with haloketones, 750 
reaction with nitro compound, 747 
reaction with propylene bromide, 743 
Stigmastery! 4-toluenesulfonate, 519 
Stilbenedisulfonic acid, 263 
Strychninesulfonic acid, 355 
Stuffer’s rule, 744 
Styrene polysulfone, 759 
Styrene-w-sulfinie acid, 726 
a-Styrylacetonyl 4-tolyl sulfone, 724 
Styryl 4-toly] sulfide, 726 
Styryl 4-tolyl sulfone, 726, 727 
N*-Suecinylsulfanilamide, 480, 599 
Sucrose hydrogen sulfate, 44 
Sulfamic acid, 7, 37 
Sulfamphthaleins, 629, 630 
4-Sulfamylacetanilide, 479 
4-Sulfamylbenzamide, 586 
Sulfamylbenzamide derivatives, see 5- 
Carbamylbenzene-1,3-disulfonamide 
2-Sulfamylbenzoic acid, 579, 618, 619, 
623 
4-Sulfamylbenzoic acid, 597 
4-Sulfamylcinnamic acid, 483 
4-Sulfamy]mesitylenic acid, 636 
4-Sulfamylphenylacetic acid, 483 
Sulfamylphthalic acid, 635 
6-Sulfamylsaccharin, 620 
Sulfanilamide, acylation of, 599 
analytical determination of, 600 
azo dyes from, 601 
bromination of, 600 
comparison with sulfanilic acid, 601 
conversion to phenolsulfonamide, 600 
diazotization of, 600, 703 


irradiation of, 600 
oxidation of, 600, 601 
reactions of, 599 
reaction with aldehydes, 601 
reaction with an acridinealdehyde, 601 
reaction with a-bromotetronic acid, 
599 
reaction with cinnamic aldehyde, 601 
reaction with copper sulfate, 601 
reaction with p-creosoltyrosinease, 601 
reaction with dimethylaminobenz- 
aldehyde, 601 
reaction with ethyl oxalate, 599 
reaction with formaldehyde, 586 
reaction with d-glucose, 599 
reaction with hydrogen peroxide, 601 
reaction with iodine monochloride, 600 
reaction with d-mannose, 599 
reaction with §-naphthoquinone-4- 
sulfonate, 601 
reaction with nitrosobenzene, 600 
reaction with phthalic anhydride, 599 
reaction with quinones, 601 
reaction with succinic anhydride, 599 
recent review of derivatives, 573 
solubility of, 601 
Sulfanilhydroxamide, 614 
Sulfanilic acid, 247 
bromination of, 404 
conversion to 4-anisolesulfonic acid, 
376 
conversion to bromobenzenesulfonic 
acid, 374 
conversion to chlorobenzenesulfonic 
acid, 373 
conversion to 
acid, 374 
conversion to phenetole-4-sulfonic 
acid, 376 
conversion to phenol-4-sulfonic acid, 
375 
conversion to phenyl ethyl sulfide-4- 
sulfonic acid, 376 
conversion to thiophenol-4-sulfonic 
acid, 376 
from nitrobenzene, 359, 362 
preparation of, 247, 249 
reaction with alkali, 427 
reaction with picryl chloride, 412 
reduction of, 373, 393 
4-Sulfanilylbenzenesulfonamide, 703 
Sulfide alcohols, sulfonation of, 13 
Sulfides, oxidation of, 660 
Sulfinates, reactions of, 667 
Sulfinylacetic acid, 732, 744 
Sulfoacetaldehyde sodium bisulfite, 136 


iodobenzenesulfonic 


850 


Sulfoacetic acid, 108, 148 
Sulfoacetyl chloride, 144 
8-Sulfoacrylic acid, 145, 147, 151 
Sulfoanthracene-9-carboxylic acid, 302 
Sulfoanthranilic acid, 245 
Sulfoanthraquinone-2-carboxylic acid, 
308 
Sulfoanthraquinonecarboxylic acids, 394 
3-Sulfobenzamide, 228 
2-Sulfobenzoic acid, 453, 557, 558 
3-Sulfobenzoic acid, 364, 409, 438 
4-Sulfobenzoic acid, 438, 597 
Sulfobenzoic acid derivatives, see 
Carboxyhbenzenesulfonic acid, etc. 
Sulfobenzoic acids, 226, 393, 427 
o-Sulfobenzoic anhydride, 557 
2-(4-Sulfobenzoyl)-benzoic acid, 367, 409 
o-Sulfobenzoy! dichloride, 618 
a-Sulfobutyric acid, 144 
8-Sulfobutyric acid, 145, 153 
Sulfocamphyllic acid, 144 
B-Sulfocinnamic acid, 147 
Sulfocinnamic acids, 229, 427 
8-Sulfocrotonic acid, 146 
4-Sulfodibenzofurane-2,8-dicarboxylic 
acid, 316 
Sulfodihydrocitronellol, 137 
Sulfo-N,N’-di-n-propylmalonamide, 155 
5-Sulfofuroic acid, 315 
B-Sulfoglutaconic acid, 157 
3-Sulfohippuric acid, 228 
4-Sulfohydrocinnamic acid, 228 
4-Sulfo-1-hydroxy-2-naphthoic acid, 391 
B-Sulfo-8-hydroxyphenylpropionic acid, 
146 
a-Sulfoisobutyric acid, 144, 152, 153 
5-Sulfoisophthalic acid, 229, 438 
Sulfoisotropic acid, 263 
Sulfoisovaleric acid, 144 
a-sulfolauric acid, 143 
Sulfomalonic acid derivatives, 154 
Sulfomonocarboxylic acids, .141, 142 
Sulfonal, 735, 742 
Sulfonamides, action of halogens on, 602 
condensation with aldehydes, 585 
hydrolysis of, 581 
miscellaneous syntheses of, 578 
parachor of, 580 
physical properties of, 579 
preparation by alkylation, 575 
preparation by arylation, 575 
preparation of N-substituted, 574 
reaction with acyl halides, 587 
reaction with diazonium salts, 586 
reaction with sulfonyl! halides, 587 
solubility in alkali, 580 
substitution reactions of, 590 
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Sulfonaphthalenearsonic acid, 282 
Sulfonaphthalenecarboxylic acids, 431 
Sulfonaphthalenedicarboxylic acids, 431 
2-Sulfonaphthalene-1l-sulfinic acid, 366 
4-Sulfonaphthalene-1-sulfinic acid, 366 
2-Sulfo-1,8-naphthalic acid, 431 
3-Sulfo-1,5-naphthalic acid, 282 
4-Sulfo-1,8-naphthalic acid, 432 
3-Sulfo-1,8-naphthalic anhydride, 282 
Sulfonaphthenic acid, 145 
Sulfonaphthoic acids, 282 
“Sulfonated Castor Oil,” 12 
Sulfonation, catalysis in, 200, 201 
theory of, 197 
Sulfonchloroamides, analysis of, 613 
detection of, 613 
industrial uses of, 613 
Sulfonefluorescein, 559, 629 
Sulfonephthaleins, 558, 560 
Sulfones, action of reducing agents on, 
682 
activating influence of, 685 
activation of methylene hydrogens in, 
687 
carbon-sulfur double bonds in, 659 
cleavage reactions of, 683 
directive influence in benzene ring of, 
685 
from sulfonic acids, 674 
miscellaneous preparation methods, 
680 
parachor of, 658 
physical properties of, 681 
Sulfonhaloamides, 603, 611 
Sulfonhydrazides, 615 
a-Sulfonylacetonitriles, 712 
Sulfonyl carboxylic acids, 707 
Sulfony! chlorides, hydrolysis of, 497 
in Friedel-Crafts reaction, 512 
reaction with alcohols, 507 
reaction with diazomethane, 503 
reaction with nitroamines, 511 
reaction with nitrogen compounds, 501 
reaction with organometallic com- 
pounds, 504 
reaction with oxidizing agents, 500 
reaction with phenols, 508 
reaction with phosphorus penta- 
chloride, 500 
reaction with salts of organic acids, 
504 
reaction with thiols, 511 
reaction with thionyl chloride, 500 
reduction of, 497, 499 
substitution reactions of, 512 
Sulfonyldiacetic acid, 678, 711 
a-Sulfonyldibutyric acid, 712 : 
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8-Sulfonyldibutyric acid, 712 
#-Sulfonyldiethanesulfonic acid, 725 
a-Sulfonyldiisovaleric acid, 712 
1,2-Sulfonyldioxybenzenc-3,5-disulfo- 
anilide, 478 
1,2-Sulfonyldioxybenzene-3,5-disulfonyl 
chloride, 478 
4,4’-Sulfonyl-di-(pheny] benzene- 
sulfonate), 541 
4,4’-Sulfonyl-di-(phenyl 4-toluene- 
sulfonate), 546 
a-Sulfonyldipropionic acid, 678, 712 
4-Sulfophenoxyacetic acid, 233 
§-(4-Sulfophenoxy)-propionamide, 233 
Sulfophenylacetic acid, 142, 228, 409 
4-Sulfophenylalanine, 255 
3-Sulfophenylpropionic acid, 427 
Sulfophthalic acid, 229, 635 
Sulfo-1,4-phthalic acid, 229, 438 
Sulfophthalic anhydride, 302 
Sulfopodocarpic acid, 263 
a-Sulfopropionic acid, 144, 145, 150, 151 
8-Sulfopropionic acid, 151 
2-Sulfopyridine-3-carboxylic acid, 366 
Sulfosalicylic acid, 239, 402, 427 
Sulfosuccinic acid, 155 
8-Sulfo 8-(2,4,5-trinydroxy phenyl)- 
propionic acid, 146 
Sulfotruxillic acid, 263, 427 
a-Sulfovaleric acid, 144 
Sulfoxides, oxidation of, 660 
Sulfurylindigo, 725 
Sulfurylisatin, 725 
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Taurine, see 2-Aminoethanesulfonic acid 
Tetraacetylglucose hydrogen sulfate, 43 
Tetra-(n-amylsulfonylmethy!)-methane, 
757 
2,2,5,5-Tetra-(benzylsulfonyl)-hexane, 
756 
Tetra-(benzylsulfonylmethy])-methane, 
757 
2,2,4,4-Tetra-(benzylthio)-pentane, 738 
Tetrabromoanthracene-2-sulfony] 
chloride, 494 
2,3,4,5-Tetrabromobenzenesulfonamide, 
463 
2,3,4,6-Tetrabromobenzenesulfonamide, 
463 
1,2,3,5-Tetrabromobenzenesulfonic acid, 
216 
2,3,4,5-Tetrabromobenzenesulfonic acid, 
407 
2,3,4,6-Tetrabromobenzenesulfonic acid, 
407 
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2,3,4,5-Tetrabromobenzenesulfony] 
chloride, 463 
2,3,4,6-Tetrabromobenzenesulfonyl 
chloride, 463 
Tetrabromophenolsulfonephthalein, 560 
Tetrabromo-o-sulfobenzoic anhydride, 
557 
Tetra-(n-butylsulfonylmethyl)- 
methane, 757 
Tetra-(sec-butylsulfonylmethy])- 
methane, 757 
Tetra-(ter/-butylsulfonylmethy])- 
methane, 757 
2,3,4,5-Tetrachlorobenzenesulfonic acid, 
374 
Tetrachloronaphthalenesulfonic acid, 280 
2,2,3,3-Tetrachloro-1,8-naphthasultam- 
4-quinone, 635 
2,3,5,6-Tetrachloro-4-(2,4,6-trichloro- 
phenylamino)-phenyl 4-toluene- 
sulfonate, 543 
Tetradecamethylene polysulfone, 761 
Tetradecane-1-sulfonic acid, 99 
Tetradecylacetvlenesulfonic acid, 175 
Tetradecyl 4-bromobenzenesulfonate, 
516 
Tetradecyl hydrogen sulfate, 14 
Tetradecyl sulfate, 73 
Tetra-(n-decylsulfonylmethy])- 
methane, 757 
Tetradecyl] 4-toluenesulfonate, 518 
Tetra-(n-dodecylsulfonylmethyl)- 
methane, 757 
1,2,4,5-Tetraethylbenzenesulfonic acid, 
213 
Tetra-(ethylsulfonylmethyl)-methane, 
757 
1,1,3,3-Tetra-(ethylsulfony])-propane, 
739, 756 
Tetra-(n-heptylsulfonylmethyl)- 
methane, 757 
Tetra-(n-hexvlsulfonylmethy])- 
methane, 757 
Tetrahydrofurfury] 4-toluenesulfonate, 
519 
Tetrahydro-a-methylmorphimethine- 
sulfonic acid, 324 
1,2,3,4-Tetrahydronaphthalene- 
6-sulfonic acid, 677 
1,2,3,4-Tetrahydro-6-naphthy] 4-tolyl 
sulfone, 677 
1,2,3,4-Tetrahydro-6-naphthyl 2,4-xylyl 
sulfone, 677 
1,2,3,4-Tetrahydro-6-naphthy] 2,5-xylyl 
sulfone, 677 
1,3,5,7-Tetrahy droxyanthraquinone- 
2,6-disulfonic acid, 309 
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1,2,4,8-Tetrahydroxyanthraquinone- 
3-sulfonic acid, 309 
3,3’,5,5'-Tetrahy droxybiphenyldisulfonic 
acid, 260 
2,3,4,5-Tetraiodobenzenesulfonyl 
chloride, 464 
Tetraiodosaccharin, 633 
Tetraiodo-o-sulfobenzoic anhydride, 633 
2,2,5,5-T etra-(isoamylsulfonyl)-hexane, 
756 
Tetra-(isobutylsulfonylmethyl)- 
methane, 757 
Tetra-(isopropylsulfonylmethy])- 
methane, 757 
Tetralin-5,7-disulfonyl chloride, 484 
Tetralin-5-sulfinic acid, 366 
Tetralin-5-sulfonamide, 484 
Tetralin-6-sulfonamide, 484 
Tetralin-5-sulfonanilide, 484 
Tetralin-5-sulfonic acid, 366, 388, 423 
Tetralin-6-sulfonic acid, 209, 388, 423 
Tetralin-5-sulfonyl chloride, 484 
Tetralin-6-sulfonyl chloride, 484 
Tetralin-5-sulfonyl fluoride, 209, 454 
Tetralolsulfonic acids, 237 
Tetramethylbenzenesulfonamides, 475 
Tetramethylbenzenesulfonic acids, 212, 
387, 423 
Tetramethylbenzenesulfony! chlorides, 
475 
N,N,N’,N’-Tetramethylbenzidine- 
3-sulfonic acid, 261 
1,2,3,4-Tetramethylbutadiene sulfone, 
731 
2,2’,4,4’-Tetramethy1-6,6’-di(2-carboxy- 
benzoy1)-bi-phenyl-3,3’-disulfonic 
acid, 260 
2,2’,5,5'-Tetramethylphenylsulfonyl- 
benzene-3,3’-disulfonamide, 485 
2,2’,5,5’-Tetramethylphenylsulfonyl- 
benzene-3,3’-disulfony! chloride, 485 
Tetra-(methylsulfonylmethyl)-methane, 
757 
1,1,6,7-Tetramethyltetralin- 
5-sulfonamide, 484 
1,1,6,7-Tetramethyltetralin-5-aulfonyl 
chloride, 484 
3,3’,5,5’-Tetranitro-4,4’-biphenylene di- 
4-toluenesulfonate, 546, 553 
Tetranitrocarbazolesulfonic acid, 320 
Tetranitrophenolsulfonephthalein, 560 
Tetra-(n-nonylsulfonylmethyl)-methane, 
757 
Tetra-(n-octylsulfonylmethyl)-methane, 
757 
sym-Tetraphenylethanetetrasulfonic 
acid, 268, 430 
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Tetraphenylethylenetetrasulfonic acid, 
268, 430 

Tetra-(8-phenylethylsulfonylmethy!)- 
methane, 757 

2,2,3,3-Tetra-(phenylsulfony!)-butane, 
756 

2,2,5,5-Tetra-(phenylsulfony!)-hexane, 
756 


Tetra-(phenylsulfonylmethy!)-methane, 
757 
Tetraphenylthiophene-1,1-dioxide, 731 
Tetra-(n-propylsulfonylmethyl)- 
methane, 757 
Tetrasulfones, 755 
Tetra-(4-toluenesulfonamidomethy])- 
methane, 577 
1,2,4,5-tetra-(4-tolylsulfonyl)-benzene, 
747 
Tetra-(n-undecylsulfonylmethyl)- 
methane, 757 
Tetronal, 742 
Thiacyclopentane dioxide, 731 
Thia-3-cyclopentene-1,1-dioxide, 729 
Thialdine, 165 
3(2)-Thianaphthenone-1, 1-dioxide, 723 
Thiocol, 242 
m-Thiocresol, 366 
p-Thiocresol, 367, 461, 513, 726, 751 
Thiocyanates, 98 
Thio-8,8-dipropionic acid, 151 
Thioglycolic acid, 148 
2-Thiolbenzoic acid, 619 
2-Thiolimidazole, 367 
Thiolmethionic acid, 163 
Thiolnaphthalenesulfonic acid, 366 
4-Thiolpyridine, 366 
2-Thiolpyridine-3-carboxylic acid, 366 
4-Thiolquinoline, 366 
Thiolsuccinic acid, 155 
Thiolsulfosuccinie acid, 155 
Thiooxanilide-4-sulfonic acid, 249 
Thiophene-2,4-disulfonic acid, 318 
Thiophene-2,5-disulfonic acid, 318 
Thiophene-2-sulfony! chloride, 318 
Thiophenol, from benzenesulfonyl 
chloride, 499 
from methyl phenyl sulfone, 682 
from phenyl! sulfone, 684 
from §-phenylsulfonylcrotonic acids, 
732 
from sodium benzenesulfonate and 
alkali, 421 
oxidation of, 365, 741 
reaction with chlorine, 461 
reaction with methyl! sulfate, 54 
2-Thiophenolsulfonic acid, 366 
4-Thiophenolsulfonic acid, 376 
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Thiosaccharm, 631 
Thiosalicylic acid, 619 
Thiosulfomethionic acid, 163 
Thioxane S-dioxide, 725 
Thioxanthone, 578 
Thymolsulfonic acids, 396, 402, 406 
Thymy] hydrogen sulfate, 46 
a-(4-Tolueneazo)-a- (4-bromophenyl- 
sulfonyl)-propionitrile, 717 
a-(2-Tolueneazo)-1-naphthylsulfonyl- 
acetonitrile, 717 
a-(3-Tolueneazo)-2-naphthylsulfonyl- 
acetonitrile, 717 
a-(4-Tolueneazo)-1-naphthylsulfonyl- 
acetonitrile, 717 
a-(4-Tolueneazo)-2-naphthylsulfonyl- 
acetonitrile, 717 
a-(4-tolueneazo)-a-(2-naphthylsulfony!)- 
propionitrile, 717 
a-(4-Tolueneazo)-a-phenylsulfonyl- 
propionitrile, 717 
Toluene-2,4-disulfinic acid, 461 
Toluenedisulfonamides, 470, 620 
Toluenedisulfonanilides, 470 
Toluene-2,4-disulfonic acid, 205, 428, 
438 
Toluene-2,5-disulfonic acid, 202, 205, 
366 
Toluene-3,5-disulfonic acid, 205, 372, 
428 
Toluene-2,4-disulfonyl chloride, 205, 461, 
470 
Toluenedisulfonyl chlorides, 470 
Toluene-2,4-disulfonyl fluoride, 205, 454 
Toluene-2-sulfinic acid, 367, 368, 461, 
669 
Toluene-4-sulfinic acid, 669 
from methyl] 4-tolyl sulfone, 684 
hydroxylamine salt, 574 
oxidation to disulfone, 734 
oxidation with nitric acid, 365 
reaction with benzoyl chloride, 721 
reaction with chlorine, 461 
reaction with cinnamic aldehyde, 692 
reaction with ethyl a-chloroaceto- 
acetate, 505 
reaction with formaldehyde, 691 
reaction with 1-nitroso-2-naphthol, 
539 
reaction with unsaturated ketones, 
724 
sodium salt, see Sodium toluene- 
4-sulfinate 
w-Toluenesulfinic acid, 668 
2-Toluenesulfonacetylamide, 617 
4-Toluenesulfon-N-acetylethylamide, 
588 
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4-Toluenesulfonalkylamides, 580 
Toluene-w-sulfonamide, 115, 603 
2-Toluenesulfonamide, 467 
heat of fusion of, 580 
oxidation of, 608, 617 
properties of crystals, 580 
reaction with formaldehyde, 586 
reaction with lead dioxide, 596 
3-Toluenesulfonamide, 467 
4-Toluenesulfonamide, 467 
absorption spectra of, 580 
heat of fusion of, 580 
in synthesis of amino acids, 575 
oxidation in body, 598 
oxidation to aldehyde, 608 
preparation from phenyl p-toluene- 
sulfonate, 552 
reaction with bromine, 602 
reaction with chloroacetic acid, 575 
reaction with formaldehyde, 585 
reaction with furfural, 586 
reaction with glycerol dichlorohydrin, 
576 
reaction with hexamethylene bromide, 
577 
reaction with pentaerythrityl bromide, 
577 
reaction with phthaly] chloride, 588 
reaction with sodium ethyl sulfate, 
575 
reaction with sodium hypochlorite, . 
602 
reaction with trimethylene bromide, 
576 
reaction with xanthhydrol, 597 
solubility of, 579 
4-Toluenesulfonamidoacetic acid, 575, 
583, 590 
2-(4-Tolucnesulfonamido)-biphenyl, 594 
4-(2-Toluenesulfonamido)-biphenyl, 593 
4-(4-Toluenesulfonamido)-biphenyl, 
592, 594 
1-(4-Toluenesulf onamido)-2,2-bis- 
(4-toluenesulf onamidomethyl)- 
cyclopropane, 577 
y-(4-Toluenesulfonamido)-é-ketocaproic 
acid, 584 
1-(4-Toluenesulfonamido)-naphthalene, 
595 
2-(4-Toluenesulfonamido)-naphthalene, 
595 
2-(4-Toluenesulfonamido)-naphthalene- 
6-sulfonic acid, 595 
2-(4-Toluenesulfonamido)-pheny1 
4-taluenesulfonate, 543 
2-(4-Toluenesulfonamido)-3,5,4’-tri- 
nitrobiphenyl, 595 
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2-Toluenesulfonanilide, 467 
3-Toluenesulfonanilide, 467 
4-Toluenesulfonanilide, 467, 576, 591, 
592, 594 
4-Toluenesulfonanilide-4’-sulfonic acid, 
249 
4-Toluenesulfonbenzylamide, 581 
4-Toluenesulfonbenzylbromoamide, 610 
4-Toluenesulfonbenzylmethylamide, 584 
4-Toluenesulfonbromoamide, 602 
4-Toluenesulfon-2-bromo-N-methyl- 
4-toluidide, 592 
2-(4-Toluenesulfon-n-butylamido)- 
naphthalene, 595 
4-Toluenesulfon-n-butylchloroamide, 
604 
2-Toluenesulfonchloroamide, 603, 607 
4-Toluenesulfonchloroamide, potassium 
salt, 605; see also Chloramine T 
4-Toluenesulfon-2-chloroanilide, 591, 
594 
4-Toluenesulfon-4-chloroanilide, 594 
2-Toluenesulfon-4-chloro-2-methy]- 
anilide, 592 
4-Toluenesulfon-2-chloro-4-methyl- 
anilide, 592, 594 
4-Toluenesulfon-4-chloro-2-methyl- 
anilide, 592, 594 
4-Toluenesulfon-1-chloro-2-naphthyl- 
amide, 592 
4-Toluenesulfon-4-chloro-1-naphthyl- 
amide, 592 
4-Toluenesulfon-2-chloro-4-nitroanilide, 
594 
4-Toluenesulfon-4-chloro-2-nitroanilide, 
594 
4-Toluenesulfon-2-chloro-6-nitro- 
4-methylanilide, 594 
4-Toluenesulfon-4-chloro-6-nitro- 
2-methylanilide, 594 
4-Toluenesulfon-N-(chiorosulfonyl)- 
anilide, 597 
4-Toluenesulfondibromoamide, 603, 610 
4-Toluenesulfondichloroamide, 604, 605; 
see also Dichloramine T 
4-Toluenesulfon-2,4-dichloroanilide, 592 
4-Toluenesulfon-2,4-dichloro- 
1-naphthylamide, 592 
4-Toluenesulfon-2,5-dimethylanilide, 594 
4-Toluenesulfon-2,5-dimethy]-4-nitro- 
anilide, 594 
4-Toluenesulfon-2,4-dinitroanilide, 594 
4-Toluenesulfondiphenylamide, 595, 598 
4-Toluenesulfon-2-ethoxy-5-methy]- 
anilide, 594 
4-Toluenesulfon-2-ethoxy-5-methy]- 
4-nitroanilide, 594 


INDEX 


4-Toluenesulfon-4-ethoxy-2-nitroanilide, 
594 
4-Toluenesulfonethylamide, 576, 586 
4-Toluenesulfon-2-ethylanilide, 594 
4-Toluenesulfon-N-ethylanilide, 595 
4-Toluenesulfonethyl-s-hydroxyethyl- 
amide, 576 
4-Toluenesulfon-N-ethy]-4-nitroanilide, 
595 
4-Toluenesulfon-2-ethyl-4-nitroanilide, 
594 
4-Toluenesulfon-N-ethy]l-4-toluidide, 
582, 704 
4-Toluenesulfonhexamethyleneimide, 
577 
4-Toluenesulfonhydrazide, 696 
N-4-Toluenesulfonhydrazohenzene, 578 
4-Toluenesulfonhydroxymethylamide, 
585 
Toluenesulfonic acids, 202 
Toluene-w-sulfonic acid, 101, 104, 114, 
115, 683 
Toluenesulfonic acid, alkylation of, 
206, 372 
2-Toluenesulfonic acid, hydrolysis of, 
388 
nitration of, 408 
preparation of, 203 
reaction with potassium cyanide, 439 
reaction with potassium hydroxide, 
422 
separation from para isomer, 617 
3-Toluenesulfonic acid, 202, 203, 366, 
373, 388 
4-Toluenesulfonic acid, ammonium salt, 
501 
arylamine salts of, 386 
bromination of, 399 
chlorination of, 394 
2,4-dinitrophenylpyridinium salt, 552 
from 4-toluenesulfinic acid, 368 
from 4-bromotoluene, 362 
from 1-naphthalenesulfonic acid, 678 
hydrolysis of, 388 
ionization of, 382 
nitration of, 408 
pipiridinium salt, 553 
preparation of, 203 
reaction with alkali, 422 
reaction with aromatic compounds, 677 
reaction with cyclohexene oxide, 515 
reaction with potassium cyanide, 439 
4-Toluenesulfonic anhydride, 555 
4-Toluenesulfoniodoamide, 602 
4-Toluenesulfon-2-methoxyanilide, 594 
4-Toluenesulfon-2-methoxy-4-nitro- 
anilide, 594 
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4-Toluenesulfonmethylamide, 575 
4-(4-Toluenesulfonmethylamido)- 
biphenyl, 595 
2-(4-Toluenesulfonmethylamido)- 
naphthalene, 595 
4-Toluenesulfon-N-methylanilide, 
502, 595 
4-Toluenesulfon-N-methyl-p-anisidide, 
582 
4-Toluenesulfon-2-methylbenzylamide, 
581 
4-Toluenesulfon-4-met hylbenzylamide, 
581 
4-Toluenesulfon-2-methyl-4-nitro- 
anilide, 594 
4-Toluenesulfon-N-methy]-2-nitro- 
anilide, 595 
4-Toluenesulfon-N-methyl-4-nitro- 
anilide, 595 
4-Toluenesulfon-N-methyl]-p-toluidide, 
582, 592 
4-Toluenesulfon-4-met hyl-2,3,5- 
trichloroanilide, 592 
4-Toluenesulfon-l-naphthylamide, 592 
4-Toluenesulfon-2-naphthylamide, 592 
4-Toluenesulfon-4-nitroanilide, 590, 594 
4-(4-Toluencsulfonoxy)-benzenesulfonic 
acid, 544 
a-(4-Tolucnesulfonoxy)-propiony] 
chloride, 518 
4-Toluenesulfonphenacylamide, 584 
4-Toluenesulfon-p-phenetidide, 594 
4-Toluenesulfon-g-phenylethylamide, 
581 
4-Toluenesulfonphenyl-p-toluidide, 582 
4-Toluenesulfonpiperidide, 590 
2-Toluenesulfon-o-toluidide, 592 
4-Toluenesulfon-o-toluidide, 592, 594 
4-Toluenesulfon-p-toluidide, 252, 582, 
583, 592 
4-Toluenesulfontrimethyleneimide, 576, 
583 
4-Toluenesulfonxanthylamide, 597 
N-4-Toluenesulfonyl--anilinopropionic 
acid, 597 
4-Toluenesulfonyl bromide, 367, 513, 
514, 571 
4-Toluenesulfonylearbostyril, 715 
Toluene-w-sulfonyl! chloride, 115 
2-Toluenesulfonyl chloride, from 2- 
toluenesulfonyl fluoride, 456 
preparation, 204, 367, 461, 467 
reaction with benzene, 675 
reaction with chlorine, 512 
reaction with thionyl chloride, 501 
3-Toluenesulfonyl chloride, 467 


4-Toluenesulfonyl chloride, dipole 
moment of, 496 
from sulfonamides, 583 
hydrolysis of, 497 
in Friedel-Crafts reaction, 674, 675 
parachor of, 496 
preparation of, 204, 461, 462, 467 
reaction with 2-aminoanthraquinone, 
501 
reaction with cellulose, 508 
reaction with chlorine, 512 
reaction with copper, 499 
reaction with dimethylaniline, 502 
reaction with dimethy]l-s-hydroxy- 
ethylamine, 502 
reaction with 2,4-dinitrophenol, 509 
reaction with 4,6-dinitrorcsorcinol, 511 
reaction with ethylene chlorohydrin, 
507 
reaction with ethyl sodioacetoacetate, 
505 
reaction with ethyl sodiomalonate, 
506, 708 
reaction with Grignard reagent, 506 
reaction with hydrogen iodide, 499 
reaction with lead dioxide, 500 
reaction with nitroamines, 511 
reaction with nitroaminophenols, 511 
reaction with nitroanilines, 589 
reaction with 1-pentanethiol, 512 
reaction with phenols, 508, 509 
reaction with phenylmethylearbinol, 
507 
reaction with picric acid, 510 
reaction with potassium, 498 
reaction with n-propyl alcohol, 507 
reaction with pyridine, 502 
reaction with silver salt of a phenol, 
509 
reaction with sodium, 498 
reaction with sodium acetate, 504 
reaction with sodium benzenesulfinate, 
734 
reaction with sulfuric acid, 497 
reaction with thionyl! chloride, 501 
reaction with thiophenol, 511 
reaction with thiourea, 504 
reaction with trimethylamine, 501 
Toluenesulfonyl chlorides, melting point- 
composition curve, 496 
N-(p-Toluenesulfony])-4,4’-dinitrodi- 
phenylamine, 595 
Toluene-w-sulfonyl fluoride, 115 
2-Toluenesulfony] fluoride, 205, 454, 456 
4-Toluenesulfonyl fluoride, 454, 456, 
457, 458 
4-Toluenesulfonyl iodide, 514, 681 
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INDEX 


N-(4-Toluenesulfonyl)-styreneimine, 610 | a-(4-Tolylsulfonyl)-propionamide, 718 


Toluene-2,4,6-trisulfonamide, 471 
Toluene-2,4,6-trisulfonic acid, 205 
Toluene-2,4,6-trisulfonyl chloride, 461, 
471 
Toluene-2,4,6-trithiol, 461 
m-Toluidinedisulfonie acid, 250 
Toluidinesulfonic acids, 245, 250, 373, 
375, 405; see also Aminomethyl- 
benzenesulfonic acids 
2-Tolyl benzenesulfonate, 540, 554 
3-Tolyl benzenesulfonate, 540 
4-Toly] benzenesulfonate, 540, 553, 695 
2-Tolylbenzylaminesulfonic acid, 266 
3-TolylIbenzylaminesulfonic acid, 266 
Tolyl 4-bromobenzenesulfonates, 546 
4-Tolyl 2-(carbo-4-toloxy)-5-nitro- 
benzenesulfonate, 548 
4-Toly] 4-chloro-2-nitrobenzenesulfonate, 
548 
Tolyl dimethylnitrobenzenesulfonates, 
550 
4-Tolyl 2,4-dinitrobenzenesulfonate, 553 
4-Tolyl disulfide, 583 
4-Toly] disulfone, 498, 734 
3-Tolyl hydrogen sulfate, 235 
4-Toly! hydrogen sulfate, 45, 47, 236 
2-Tolyl 8-hydroxyethy! sulfone, 693 
Tolyl 4-methy]-3-nitrobenzenesulfonates, 
549 
2-Tolyl 2-nitrobenzenesulfonate, 546 
4-Tolyl 4-nitrobenzenesulfonate, 548 
Tolyl sulfides, 665 
2-Tolyl sulfone, 665 
3-Toly] sulfone, 665 
4-Toly] sulfone, 203, 695 
from 4-ditolylmercury, 681 
from 1-naphthalenesulfonic acid and 
toluene, 678 
preparation of, 665, 675, 677 
stability of, 682 
(4-Tolyl sulfone)-disulfony! chloride, 205 
4-Tolylsulfonylacetal-phenylhydrazone, 
749 
Tolylsulfonylacetamides, 718, 719, 720 
4-Tolylsulfonylacetic acid, 709, 710 
4-Tolylsulfonylacetone, 721 
2-Tolylsulfonylacetonitrile, 712 
3-Tolylsulfonylacetonitrile, 712 
4-Tolylsulfonylacetonitrile, 712, 713 
4-Tolylsulfonylacetophenone, 721 
4-Tolysulfonylacetylurea, 720 
4-Tolylsulfonylacetylurethane, 720 
4-Tolylsulfonylbromoacetamide, 720 - 
a-(4-Tolylsulfonyl)-n-butyramide, 718, 
719 
3-(4-Tolylsulfonyl)-coumarin, 710 


3-(4-Tolylsulfony]l)-2-(4-tolysulfonyl- 
methyl)-quinoline, 752 

4-[a-(p-Tolylthio)-ethylsulfonyl]- 
benzoic acid, 740 

Toly! 2-toluenesulfonates, 549 

Tolyl 4-toluenesulfonates, 544, 554 

4-Tolyl 4toluenethiosulfonate, 367, 506 

3-Toly] 4-tolyl sulfone, 675 

4-Toly] trifluoromethyl] sulfide, 664 

4-Toly] trifluoromethy] sulfone, 664 

4-Tolyl 2,4,5-trimethylphenyl sulfone, 
677 

4-Tolyl 2,4,6-trimethylphenyl sulfone, 
677 

4-Toly! triphenylmethy] sulfone, 670 

4-Tolyl vinyl sulfone, 728 

4-Tolyl xanthyl sulfone, 670, 684 

4-Tolyl 2,4-xylyl sulfone, 678 

Triacetyl-8-methyl-d-glucoside hydrogen 
sulfate, 44 

1,2,7-Tribenzenesulfonoxy- 
anthraquinone, 542 

3,4,5-Tribenzenesulfonoxybenzoic 
541 

Tri(benzenesulfonyl)amine oxides, 614, 
615 

Tribromobenzenesulfonamides, 463, 580 

2,4,6-Tribromobenzenesulfon- 
anilide, 463, 584 

2,4,5-Tribromobenzenesulfonic acid, 407 

2,4,6-Tribromobenzenesulfonic acid, 216, 
388, 407 

3,4,5-Tribromobenzenesulfonic acid, 399, 
407 

2,4,6-Tribromobenzenesulfon-N- 
methylanilide, 584 

Tribromobenzenesulfony] chlorides, 463 

Tribromoethyl hydrogen sulfate, 37 

2,4,6-Tribromophenol-3-sulfonic acid, 402 

2,4,6-Tribromopheny] benzenesulfonate, 
540 


acid, 


2,4,6-Tribromophenyl 4-bromobenzene- 
sulfonate, 546 
2,4,5-Tribromophenyl 3-bromo-4- 
methylbenzenesulfonate, 549 
2,4,6-Tribromopheny] 3-nitrobenzene- 
sulfonate, 547 
a,a,4-Tribromophenylsulfonyl- 
acetonitrile, 716 
2,4,6-Tribromopheny] 4-toluene- 
sulfonate, 542 
2,4,6-Tribromothiophenol, 513 
4,5,6-Trichlorobenzene-1,3-disulfon- 
anilide, 466 
2,4,6-Trichlorobenzene-1 ,3-disulfonic 
acid, 216 


INDEX 


2,4,6-Trichlorobenzene-1,3-disulfony] 
chloride, 466 
4,5,6-Trichlorobenzene-1,3-disulfony] 
chloride, 466 
2,4,6-Trichlorobenzene-1,3-disulfonyl 
fluoride, 454 
Trichlorobenzenesulfonamides, 463 
2,4,5-Trichlorobenzenesulfonic acid, 384 
Trichlorobenzenesulfonyl chlorides, 216, 
463 
Trichlorohydroquinonesulfonic acid, 354 
Trichloromethanesulfonic acid, 103, 157 
Trichloromethanesulfonyl chloride, 106, 
107, 597 
Trichloromethylbenzenesulfonic acid, 
222 
'2,3,4-Trichloro-6-methylbenzene- 
sulfonyl chloride, 468 
Trichloromethylsulfur chloride, 107, 163 
Trichloronaphthalenesulfonamides, 487 
Trichloronaphthalenesulfonic acids, 280 
Trichloronaphthalenesulfonyl chlorides, 
284, 487 
1,3,5-Trichloro-2-naphthol-6-sulfonic 
acid, 290 
1,4,5-Trichloro-2-naphthol-6-sulfonic 
acid, 290 
2,4,6-Trichloropheny] 2-aminobenzene- 
sulfonate, 548 
2,4,6-Trichlorophenyl benzenesulfonate, 
540 


2,4,5-Trichloropheny! 3-chloro-4-methyl- 
benzenesulfonate, 553 
2,4,6-Trichloropheny] 4-chloro-2-nitro- 
benzenesulfonate, 548 
2,4,6-Trichlorophenyl 2-nitrobenzene- 
sulfonate, 546 
2,4,6-Trichloropheny! 3-nitrobenzene- 
sulfonate, 547 
a,a,4-Trichlorophenylsulfonyl- 
acetonitrile, 716 
2,3,4-Trichlorothiophene-5-sulfonyl 
chloride, 318 
2,3,5-Trichlorothiophene-4-sulfonyl 
chloride, 318 
2,4,5-Trichlorotoluene-w-sulfonamide, 
115 
2,3,4-Trichlorotoluenesulfonic acid, 219 
3,4,5-Trichlorotoluene-2-sulfonic acid, 
219 
2,3,5-Trichloro-4-(2,4,6-trichloropheny]- 
amino)-phenyl 4-toluene-sulfonate, 
543 
2,4,5-Triethylbenzenesulfonic acid, 211 
2,4,6-Triethylbenzenesulfonic acid, 211, 
389 
Trifluoroethyl hydrogen sulfate, 37 
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3-(Trifluoromethyl)-benzenesulfonic 
acid, 222 
Trifluoromethyl 3-trifluoromethylphenyl 
sulfide, 664 
Trifluoromethyl 3-trifluoromethylphenyl 
sulfone, 664 
1,2,4-Trihydroxyanthraquinone-3,8- 
digulfonic acid, 309, 392 
Trihydroxyanthraquinonesulfonic acids, 
308, 309, 392 
2,4,6-Trihydroxybenzene-1,3-disulfon- 
anilide, 478 
1,2,3-Trihydroxybenzene-4,6-disulfony] 
chloride, 478 
2,4,6-Trihydroxybenzene-1,3-disulfonyl 
chloride, 478 
2,3,4-Trihydroxybenzenesulfonic acid, 
243, 539 
2,4,6-Trihydroxybenzenesulfonic acid, 
244, 539 
1,3,8-Trihydroxynaphthalene-6-sulfonic 
acid, 433 
Triiodobenzenesulfonamides, 463 
Triiodobenzenesulfonanilides, 463 
Triiodobenzenesulfonyl chlorides, 463 
Triiodomethanesulfonic acid, 108, 109 
2,4,6-Triiodophenyl benzenesulfonate, 
540 


2,4,6-Triisopropylbenzenesulfonic acid, 
211 


2,3,4-Trimethoxybenzenesulfonamide, 
477 
2,4,5-Trimethoxybenzenesulfonamide, 
477 
2,4,5-Trimethoxybenzenesulfonanilide, 
477 
2,4,5-Trimethoxybenzenesulfonic acid, 
245 
Trimethoxybenzenesulfonyl chlorides, 
244, 477 
2,4,6-Trimethylbenzene-1,3-disulfon- 
amide, 475 
2,4,6-Trimethylbenzene-1,3-disulfonic 
acid, 429 
2,4,6-Trimethylbenzene-1,3-disulfonyl 
chloride, 475 
Trimethylbenzenesulfonamides, 474 
1,2,4-Trimethylbenzenesulfonic acid, 372 
2,3,4-Trimethylbenzenesulfonic acid, 211 
2,3,5-Trimethylbenzenesulfonic acid, 400 
2,4,5-Trimethylbenzenesulfonic acid, 
211, 400, 423 
2,4,6-Trimethylbenzenesulfonic acid, 
211, 408, 423 
Trimethylbenzenesulfony] chlorides, 211, 
474, 675 


858 


2,4,5-Trimethylbenzenesulfonyl fluoride, 
211, 454 
2,4,6-Trimethylbenzenesulfony] fluoride, 
454 
2,4,6-Trimethylbenzophenonesulfonic 
acid, 262 
3,4,7-Trimethylcoumarin-6-sulfonic acid, 
317 
Trimethylene sulfate, 73 
2,4,5-Trimethylphenol-6-sulfonic acid, 
237 
2,4,6-Trimethylphenol-3-sulfonic acid, 
237 
2,4,5-Trimet hylphenylacetonitrile, 712 
a-(2,4,5-trimethylphenylsulfonyl)- 
diethylacetonitrile, 714 
2,4,5-Trimethylphenyl 2,4-xylyl sulfone, 
677 
2,4,6-Trimethylpheny] 2,4-xylyl sulfone, 
677 
1,1,6-Trimethyltetralinsulfonic acid, 209 
Trinitrobenzenesulfonic acid, 363 
Trinitrocarbazolesulfonic acid, 320 
2’, 4’, 6’-Trinitrodiphenylamine-4- 
sulfonic acid, 412 
Triphenylaminetrisulfonic acid, 207 
1,3,5-Triphenylbenzenetrisulfonic acid, 
313 
Triphenylcarbinol-2-sulfon- 
methylamide, 558 
Triphenylcarbinyl hydrogen sulfate, 2 
Triphenylmethanetrisulfonic acid, 266 
Tris-(benzylsulfonyl)-phenylmethanc, 
754 
1,2,2-Tris-(ethylsulfonyl)-propane, 755 
1,2,2-Tris-(ethylthio)-propane, 754 
1,1,1-Tris-(phenylsulfonyl)-ethane, 755 
1,1,2-Tris-(phenylsulfonyl)-ethane, 755 
Tris-(phenylsulfonyl)-methane, 754 
1,2,3-Tris-(phenylsulfonyl)-propane, 754 
1,1,2-Tris-(phenylthio)-ethane, 744 
1,3,5-Tris-(4-tol uenesulfony!)-hexa- 
hydro-aym-triazine, 585 
Trisulfones, 753 
Trithiophenoxymethane, 366 
Trithiophloroglucinol, 461 
“Turkey Red Oil,” 11 
Tyrosinesulfonic acid, 241, 411 


U 


Undecenyl hydrogen sulfate, 7 
Undecylenic acid polysulfone, 759 


INDEX 


Unsaturated cyclic sulfones, 729 
Unsaturated disulfones, 749 
Unsaturated ketosulfones, 732 
Unsaturated sulfonyl acids, 731 


Vv 


Vaillantite, 22 
N“-Valerylsulfanilamide, 479 
N-Valerylsulfanilyl chloride, 479 
Vanillin benzenesulfonate, 554 
Veratrole-4-sulfonic acid, 242 
Vinyl chloride polysulfone, 760 
Vinyl sulfide, 725 

Vinyl sulfones, 725 


X 


Xanthonedisulfonic acid, 317 
p-Xeny! sulfide, 665 
p-Xenyl! sulfone, 665 
1,2-Xylene-3,5-disulfonic acid, 207 
1,4-Xylene-2,6-disulfonic acid, 208 
1,4-Xylene-2,3-disulfonic anhydride, 556 
1,2-Xylene-3,5-disulfonyl chloride, 
207, 501 
1,3-Xylenedisulfonyl chlorides, 428, 501 
1,4-Xylenedisulfonyl chlorides, 208 
1,3-Xylene-2,4-disulfonyl fluoride, 207 
1,3-Xylene-4,6-disulfonyl fluoride, 454 
Xylenesulfonamides, 372, 575 
1,3-Xylene-4-sulfonanilide, 389 
Xylenesulfonic acid, from chloroxylene- 
sulfonic acid, 372 
alkylation of, 206 
bromination of, 399 
hydrolysis of, 388, 389 
nitration of, 408 
reaction with alkali, 422 
1,2-X ylene-3-sulfonic acid, 207, 372 
1,2-Xylene-4-sulfonic acid, 207 
1,3-Xylene-4-sulfonic acid, 207, 396, 677 
1,4-Xylenesulfonic acid, 208, 394 
1,3-Xylene-4-sulfonyl fluoride, 207, 454, 
458 
1,4-Xylenesulfony] fluoride, 208, 454 
Xylenolsulfonic acid, 375 
Xylidinesulfonic acids, 245, 246, 253, 375 
2,5-Xylyl disulfone, 735 
2,4-Xylyl sulfone, 677 


Y 
Yatren, 321 


